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The instant invention pertains to novel red-shifted tris-aryl-s-triazines and their use in protecting polymer systems 
prone to degradation caused by actinic radiation. 

Background of the Invention 

Tris-aryl-s-triazines in which at least one of the aryl groups has an hydroxy group ortho to the point of attachment 
to the triazine ring are well known UV absorbers. It is also well-known that this class of triazines protect organic polymers 
from the deleterious effects of exposure to actinic radiation. 

For the purposes of this application 2,4-dihydroxyphenyl groups on a s-triazine ring may be referred to as resorcinol 
groups. The numbering system used on the resorcinol group is outlined as follows: 



U.S. Patent Nos. 3,118,887 and 3,268,474 describe the protection of plastic and resinous compositions from UV 
light by the incorporation of one or more compounds of the class of tris-aryl-s-triazines. The former patent claims 
2,4,6-tris-(2,4-dihydroxyphenyl)-s-triazine and 2,4,6-tris-(2-hydroxy-4-alkoxyphenyl)-s-triazines. A tris-5-alkylresorci- 
nol-s-triazine is prepared, but not tested or claimed. 

U.S. Patent No. 3,268,474 claims the composition of a polymeric material and a tris-aryl-s-triazine that has at least 
one ortho-hydroxyphenyl group and which may be further substituted on each of the three aryl rings by alkyl, alkoxy, 
halo, etc., with a total of up to three substituents on each ring. Preferred substitution patterns are not given. There are 
specific claims for compositions including tris-(2-hydroxy-4-alkoxyphenyl)-s-triazines and 2,4-bis-(2,4-dimethylphenyl) 
-6-(2-hydroxy-4-octyloxyphenyl)-s-triazine. Again, an example of a tris-alkylresorcinol-s-triazine is given, but it is not 
tested and its composition with a polymer is not claimed. 

U.S. Patent No. 3,242,175 claims bis-resorcinol-tris-aryl-s-triazines with no substitution on the resorcinol rings. U.S. 
Patent No. 3,244,708 claims mono-, bis-, or tris-resorcinol-tris-aryl-s-triazines with no substitution on the resorcinol rings. 
A Markush structure in the introduction of the patent does refer to mono-resorcinol-tris-aryl-s-triazines that may be further 
substituted on the resorcinol ring by one or two or combinations of hydroxy, halogen, alkyl, alkoxy, phenyl, or phenylalkyl. 
Preferred substitution patterns are not mentioned and no such compounds are synthesized or tested. 

U.S. Patent Nos. 4,619,956 and 4,740,542 disclose the use of synergistic amounts of tris-aryl-s-triazines and hin- 
dered amine light stabilizers in polymer film coatings or molded articles against the action of light, moisture and oxygen. 
The tris-aryl-s-triazines referred to in these patents are those described in U.S. Patent No. 3,268,474. The preferred 
s-triazine is 4,6-bis-(2,4-dimethylphenyl)-2-(2,4-dihydroxyphenyl)-s-triazine or 4,6-bis-(2,4-dimethylphenyl)-2-(2-hy- 
droxy-4-octyloxyphenyl)-s-triazine. A Markush structure in the patents describes tris-aryl-s-triazines with at least one 
hydroxy group ortho to the point of attachment to the triazine ring and which may have up to three substituents on each 
of the three aryl rings. These substituents include alkyl, alkoxy, halo, etc. Preferred substitution patterns are not given 
and no compounds with substitution on a resorcinol ring are prepared or tested. 

E.P. Application No. 444,323 claims highly-soluble tris-aryl-s-triazines, the process for their preparation, and their 
composition with an organic solvent. A specific triazine mentioned as useful in this process is 2-(2,4-dihydroxyphenyl) 
-4,6-bis-(2,4-dimethylphenyl)-s-triazine. The tris-aryl-s-triazines claimed in this application are based on those described 
in U.S. Patent 3,268,474. The preferred triazines are mono-resorcinol-tris-aryl based s-triazines. The preferred Markush 
group shows that the resorcinol ring may be further substituted in the 5-position with alkyl groups. However, the effects 
of substitution in this position are not mentioned, and no such compounds are prepared or tested. 

E.P. Application No. 483,488 claims the synergistic stabilizer composition comprised of a tris-aryl-s-triazine and a 
hindered amine and the method of stabilizing a polymer by incorporating such a composition. Again, the triazines claimed 
in the compositions are based on those described in U.S. Patent 3,268,474. The preferred triazines are bis-xylyl-resor- 
cinol based s-triazines. The body of the application does show a Markush structure of a mono-resorcinol-tris-aryl based 
s-triazine that may be further substituted in the 5-position of the resorcinol ring with alkyl groups. However, no triazines 
with such further substitution on the resorcinol ring are prepared or tested. 

U.S. Patent Nos. 4,826,978 and 4,962,142 disclose a class of tris-aryl-s-triazines useful as ultraviolet screens for 
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polymers, including coatings. The triazines are based on bis-resorcinol-phenyl-s-triazines with electron withdrawing 
groups substituted on the phenyl group. No further substitution on the resorcinol groups are referred to. 

U.S. Patent No. 5,106,891 claims coating compositions which contain, as the UV absorber, a mixture of at least 
one 2-hydroxyphenylbenzotriazole and at least one 2-hydroxyphenyltriazine. The triazines described are based on mo- 
no-resorcinol-tns-aryl-s-triazines, with the preferred structure based on bis-xylyl-resorcinol-s-triazine. The Markush 
structure discloses that the aryl groups may be substituted by up to three hydroxyl, halogenomethyl, alkyl, alkoxy or 
halogen, or combinations thereof. Structures are disclosed, therefore, of tris-aryl-s-triazines with substituted resorcinol 
groups, but preferred substitution patterns are not disclosed, and no such compounds are prepared or tested. 

E.P. Application No. 434,608 claims an organic material which has been stabilized against damage by light, heat 
and oxygen and which contains a combination of a hindered amine and an o-hydroxyphenyl-s-triazine or said triazine 
alone, the process for stabilizing an organic material by incorporation of the combination of a hindered amine and said 
triazine or triazine alone, novel o-hydroxyphenyl-s-triazines, and the use of novel s-triazines as a stabilizer for organic 
materials. Organic materials specifically mentioned are coating binders and radiation-curable coating materials. The 
preferred triazines are mono-resorcinol-tris-aryl based s-triazines with no further substitution on the resorcinol ring A 
Markush structure is claimed that covers tris-aryl-s-triazines with one or two alkyl- or halo- substituted resorcinol groups. 
Preferred substitution patterns are not given, and no compounds with substituted resorcinol rings are prepared ortested. 

E.P. Application No. 442,847 claims a coating composition that contains a binder, a hardening agent, and a tris-ar- 
yl-s-triazine as a stabilizer against damage by light, heat, and oxygen. Specifically mentioned is the use of this compo- 
sition for automobile coatings. Preferred triazines for use in this composition are mono-resorcinol-tris-aryl based s-tri- 
azmes with no substitution on the resorcinol ring. A Markush structure is described in the claim section that includes 
tris-aryl-s-triazines with one or two resorcinol groups that may be further substituted by alkyl or halogen. Preferred 
substitution patterns are not given, and no compounds with substituted resorcinol rings are prepared or tested. 

U.S. Patent No. 5,354,794 claims a polymer film composition which comprises an electro coat primer, a color coat 
in adhesion to the electro coat, a clear coat in adhesion to the color coat, and a tris-aryl-s-triazine UV absorber in either 
the color coat or clear coat or both. It is pointed out that a particular subgenus of tris-aryl-s-triazines, those based on 
bis- and tns-resorcinol-tris-aryl-s-triazines are especially effective in stabilizing such a coating system. A Markush struc- 
ture in the composition claims describes bis- and tris-resorcinol-tris-aryl-s-triazines that may be substituted on the re- 
sorcinol rings by an alkyl of 1 to 6 carbon atoms. Specific substitution patterns are not discussed. An example of the 
preparation of 2,4,6-tris-(2,4-dihydroxy-5-hexylphenyl)-s-triazine is given, but this compound is not tested. 

U.S. Patent No. 5,298,067 claims a coating material stabilized with monomers or dimers of mono-resorcinol-tris-aryl 
based s-triazines alone or in combination with a hindered amine or an hydroxyphenylbenzotriazole, and the method of 
stabilizing a coating material by incorporating these s-triazines. No further substitution on the resorcinol groups is referred 
to. A coating material specifically mentioned is an automotive laquer. 

E.P. Application No. 1 65, 608 discloses s-triazines including a class of tris-aryl-s-triazines, the process for their prep- 
aration, and their method of use as UV absorbers in organic materials, especially color photographic materials. Tris-ar- 
yl-s-triazines disclosed include those with one to three resorcinol groups that may be substituted with alkyl alkoxy 
hydroxy, or alkyl or phenylcarbonyl. Preferred substitution patterns are not disclosed. Examples are given for bis-resor- 
cmol-tris-aryl-s-triazines with the resorcinol substituted in the 3-position by methyl, in the 6-position by hydroxy methoxy 
and methyl, and in the 5-position by acetyl. 

U.S. Patent No. 3,843,371 claims photographic material which contains a tris-aryl-s-triazine as a stabilizer against 
UV radiation. A Markush structure in the claims of this patent includes bis-resorcinol-tris-aryl-s-triazines that may have 
an alkyl substituent in the 6-position of one of the resorcinol rings. Preferred triazines are bis-resorcinol-tris-aryl based 
s-triazines with no further substitution on the resorcinol rings. A Markush structure in the body of the patent describes 
tris-aryl-s-triazines that may have one or two resorcinol groups that may be substituted with halogen, hydroxyl alkyl 
alkoxy, phenyl, phenoxy, cycloalkoxy, etc. Preferred substitution patterns are not discussed and no compounds with 
substituted resorcinol groups are prepared or tested. 

E.P. Application No. 468,921 claims aqueous dispersions of s-triazines with at least one anionic or non-ionic com- 
pound. The Markush structure in the claim section includes tris-aryl-s-triazines possibly having one resorcinol ring sub- 
stituted by alkyl or halogen. The substitution pattern is not specified. The preferred triazines include mono-resorci- 
nol-tris-aryl based s-triazines with no substitution on the resorcinol ring and are the only s-triazines exemplified. U.S. 
Patent No. 4,831 ,068 claims a process for stabilizing dyeings on polyester fiber materials with a s-triazine UV absorber 
and the polyester fiber material treated by such a process. The Markush structure and preferred triazines are the same 
as in E.P. Application No. 468,921 . Again, only s-triazines of the preferred type are shown in the examples. 

U.S. Patent No. 4,950,304 claims the process of quenching or suppressing the fluorescence of natural or synthetic 
polyamide substrates treated with whitening agents. The process comprises applying to said substrates a liquor con- 
taining an hydroxyphenylbenzotriazole or an hydroxyphenyltriazine and fixing said UV absorber thereon. The Markush 
structure of s-triazines disclosed includes tris-aryl-s-triazines that may have a substituted resorcinol group. The resorcinol 
group may be substituted in the 3- or 5-position by halogen, alkyl, cycloalkyl, phenylalkyl, sulfo, etc. Preferred triazine 
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structures are bis-phenyl-resorcinol-s-triazines with a sulfonate group substituted in the 5-position of the resorcinol ring. 
No s-triazines with resorcinol groups substituted with any of the other substituents are prepared or tested. The advantage 
of substitution in the 5-position over the 3-position of resorcinol is not discussed. 

U.S. Patent No. 5,096,489 claims a method of stabilizing an ink jet print with the use of an aqueous solution of a 
dye in combination with a s-triazine. A Markush structure describes tris-aryl-s-triazines that may have one or more 
resorcinol groups substituted in the 5-position by a sulfo, halo, or alkyl group. The preferred triazines for use in this 
method are based on bis- and tris-resorcinol-tris-ary l-s-triazines with no substitution on the resorcinol rings. No s-triazines 
with substituted resorcinol groups are exemplified. Advantages of substitution in the 5-position of the resorcinol ring are 
not discussed. 

Tris-aryl-s-triazines containing a 2,4-dihydroxyphenyl (resorcinol) group are well-known ultraviolet screening agents 
for the protection of organic materials. A drawback to commonly used hydroxyphenyl-tris-aryl-s-triazines is that they 
cover less of the near-UV spectrum than other commercially available UV absorbers, i.e. hydroxyphenylbenzotriazoles. 
A welcome addition to the art therefore, would be to provide tris-aryl-s-triazines that cover more of the near-UV spectrum. 
This invention discloses novel tris-aryl-resorcinol based s-triazines that have significant absorbance in the range of 
360-400 nm. 



Detail Description of the Invention 
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The instant invention pertains to novel tris-aryl-s-triazines which contain at least one, and preferably one, 2,4-dihy- 
droxyphenyl (resorcinol aryl) group substituted in the 5-position with a carbon, halogen, thio, sulfinyl or sulfonyl moiety. 
These compounds include mainly compounds of formulae A and B 
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40 where in the compounds of formula A: 

A and A' are the same or different and are phenyl or a group of the formula 
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or phenyl substituted with one to three lower alkyl, halogen, hydroxy or alkoxy; 

R, is straight or branched chain alkyl of 1 to 24 carbon atoms, straight or branched chain alkenyl of 2 to 24 carbon 
atoms, cycloalkyl of 5 to 12 carbon atoms, halogen, -SR 3 , -SOR 3 , or -S0 2 R 3 ; or said alkyl or cycloalkyl substituted by 
one to eight halogen,-R 4 , -OR 5 , -N(R 5 ) 2 , =NR 5 =0, -CON(R s ) 2 , -COR s , -COOR 5 , -OCOR 5 , -CN, -N0 2 , -SR 5 , -SOR 5 , 
55 -S0 2 R 5 , -P(0)(OR 5 ) 2 , morpholinyl, piperidinyl, 2,2,6,6-tetramethylpiperidinyl, piperazinyl or N-methylpiperazinyl groups 
or combinations thereof; or said alkyl or cycloalkyl interrupted by one to six phenylene, -O-, -NR 5 -, -CONR 5 -, -COO-, 
-OCO-, -C(R 5 )=C(R S )- or -CO- groups or combinations thereof; or said alkyl or cycloalkyl both substituted and interrupted 
by combinations of the groups mentioned above; 
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R 3 is alkyl of 1 to 20 carbon atoms, alkenyl of 3 to 1 8 carbon atoms, cycloalkyl of 5 to 1 2 carbon atoms, phenylalkyl 
of 7 to 15 carbon atoms, aryl of 6 to 10 carbon atoms or said aryl substituted by one or two alkyl of 1 to 4 carbon atoms; 

R 4 is aryl of 6 to 10 carbon atoms, or said aryl substituted by one to three halogen, alkyl of 1 to 8 carbon atoms, 
alkoxy of 1 to 8 carbon atoms or combinations thereof; cycloalkyl of 5 to 12 carbon atoms; or phenylalkyl of 7 to 15 
s carbon atoms, or said phenylalkyl substituted on the phenyl ring by one to three halogen, alkyl of 1 to 8 carbon atoms, 
alkoxy of 1 to 8 carbon atoms or combinations thereof; or straight or branched chain alkenyl of 2 to 18 carbon atoms; 

R 5 is defined as R 4 , or R 5 is also hydrogen or straight or branched chain alkyl of 1 to 24 carbon atoms; or R 5 is a 
group of the formula 
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where T is hydrogen, oxyl, hydroxyl, alkyl of 1 to 12 carbon atoms, said alkyl substituted by at least one hydroxyl or 
lower alkoxy, benzyl or alkanoyl of 2 to 18 carbon atoms; 
20 R 2 is hydrogen, straight or branched chain alkyl of 1 to 24 carbon atoms or cycloalkyl of 5 to 1 2 carbon atoms; or 

said alkyl or cycloalkyl substituted by one to eight halogen, epoxy, glycidyloxy, f uryloxy, -R 4 , -OR 5 , -N(R 5 ) 2 , -CON(R 5 ) 2 , 
-COR 5 , -COOR 5 -OCOR 5 , -OCOC(R 5 )=C(R 5 ) 2 , -C(R 5 )=C(R 5 )-COOR 5 , -CN, -NCO, or 



25 

-OCH(CH 2 OCH 2 




30 

or combinations thereof; or said alkyl or cycloalkyl interrupted by one to six epoxy, -O-, -NR 5 -, -CONR 5 -, -COO-, -OCO-, 
-CO-, -C(R 5 )=C(R 5 )COO-, -OCOC(R 5 )=C(R 5 )-, -(R 5 )C=C(R 5 )-, phenylene, or -phenylene-G-phenylene in which G is 
-O-, -S-, -S0 2 -, -CH 2 -, or -C(CH 3 ) 2 -, or combinations thereof; or said alkyl or cycloalkyl both substituted and interrupted 
by combinations of the groups mentioned above; or R 2 is -S0 2 R 3 , or -COR 6 ; 
35 R 6 is straight or branched chain alkyl of 1 to 18 carbon atoms, straight or branched chain alkenyl of 2 to 18 carbon 

atoms, phenyl, alkoxy of 1 to 1 2 carbon atoms, phenoxy, alkylamino of 1 to 1 2 carbon atoms, ary lamino of 6 to 1 2 carbon 
atoms or a group -R 7 COOH or -NH-R 8 -NCO; 

R 7 is alkylene of 2 to 14 carbon atoms or o-phenylene; 

R 8 is alkylene of 2 to 10 carbon atoms, phenylene, tolylene, diphenylenemethane or a group 

40 



45 




so k = 1 to 4; 

when k is 1 , Z is defined as R 2 above; 

when k = 2, Z is straight or branched chain alkylene of 2 to 16 carbon atoms; or said alkylene substituted by one 
to eight -OH; or said alkylene interrupted by one to eight -CH=CH- or -O-; or said alkylene both substituted and interrupted 
by combinations of the groups mentioned above; or Z is xylylena or a group -CONH-R 8 -NHCO-, -CH 2 CH(OH) 
ss CH 2 0-R 9 -OCH 2 CH(OH)CH 2 -, -CO-R 10 -CO-, or -(CH^m-COO-R^-OOC-fChym-, 
where m = 1 to 3; or Z is 
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10 R 8 is defined as above; 

R 9 is alkylene of 2 to 50 carbon atoms; or said alkylene interrupted by 1 to 10 -O-, phenylene, or a group -phe- 
nylene-G-phenylene- in which G is -O-, -S-, -S0 2 -, -CH 2 -, or -C(CH 2 ) 2 -; 

R 10 is alkylene of 2 to 10 carbon atoms, or said alkylene interrupted by 1 to 4 -O-, -S-, or -CH=CH-; or R 10 is 
arylene of 6 to 1 2 carbon atoms; 
is R^ is alkylene of 4 to 20 carbon atoms, or said alkylene interrupted by 1 to 8 -O-; 

when k = 3, Z is a group -[(CH 2 ) m COO] 3 -R 12 where m = 1 to 3 and R-, 2 is an alkanetriyl of 3 to 12 carbon atoms; 
when k = 4, Z is a group -[(CH2) m COO]4-R 13 where m = 1 to 3 and R 13 is an alkanetetryl of 4 to 12 carbon atoms; 
with the proviso that when Z is hydrogen and R, is n-hexyl, X and Y are not each 5-n-hexyl-2,4-dihydroxyphenyl; and 
for the compounds of formula B: 
20 t is 0 to 9; 

X, X', Y and Y' are the same or different and are phenyl or phenyl substituted by one to three lower alkyl, halogen, 
hydroxy or alkoxy; 

L is straight or branched chain alkylene of 1 to 12 carbon atoms, cycloalkylene of 5 to 12 carbon atoms, alkylene 
substituted by or interrupted by cyclohexylene or phenylene; or L is benzylidene; or L is -S-, -S-S-, -S-E-S-, -SO-, -S0 2 -, 
25 -SO-E-SO-, -S0 2 -E-S0 2 -, -CH 2 -NH-E-NH-CH 2 - or 

CH 3 i 

where E is alkylene of 2 to 1 2 carbon atoms, cycloalkylene of 5 to 1 2 carbon atoms, or alkylene interrupted or terminated 
by cyclohexylene of 8 to 12 carbon atoms; 

R 2 and R 2 ' are the same or different and are defined as R 2 is above; 
35 with the proviso that at least one L linkage is attached to the phenyl ring in the 5-position. 

Typical examples are compounds where X, Y, X' and Y' are phenyl or phenyl substituted with one to three lower 
alkyl or halogen; 

R, is straight or branched chain alkyl of 1 to 24 carbon atoms, alkenyl of 3 to 12 carbon atoms, -CI, -SR 3 , -SOR 3 , 
or -S0 2 R 3 ; said alkyl substituted by phenyl, -OR 5 , -N(R 5 ) 2 , =NR 5 , =0 and/or interrupted by -O-, -NR 5 -, -CO- or combi- 
40 nations thereof; cycloalkyl of 5 to 12 carbon atoms; or phenylalkyl of 7 to 1 5 carbon atoms; 

R 2 and R 2 ' are hydrogen, alkyl of 1 to 24 carbon atoms, or alkyl of 2 to 24 carbon atoms substituted by one or two 

-OR 5 ; 

R 5 is H, alkyl of 1 to 24 carbon atoms, or phenyl; 

and 

45 and L is methylene; benzylidene; 



so 




or 
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CH^ 

preferred among these compounds is a compound where A and A' are phenyl, a group of formula 
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or phenyl substituted with one or two lower alkyl; 

is straight or branched chain alkyl of 1 to 18 carbon atoms, propenyl, -CI, alkylaminoalkyl of 4 to 12 carbon 
20 atoms, alkyliminoalkyl of 4 to 12 carbon atoms, alkanoyl of 2 to 18 carbon atoms, benzoyl, -SR 3 , -SOR 3 , or -S0 2 R 3 ; or 
C^Cyalkyl substituted by phenyl and/or -OH; 

R 2 and R 2 ' are hydrogen, alkyl of 1 to 24 carbon atoms, or alkyl of 2 to 12 carbon atoms substituted by one or two 

-OR s ; 

R 3 is phenyl; 

R s is H, alkyl of 1 to 12 carbon atoms, or phenyl. 
More particularly, the instant invention relates to the compounds of formula I, II, III, IV or V 
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IV 




where in the compounds of formula I 

X and Y are the same or different and are phenyl or phenyl substituted with one to three lower alkyl, halogen, 
hydroxy or alkoxy; 

is straight or branched chain alkyl of 1 to 24 carbon atoms, straight or branched chain alkenyl of 2 to 24 carbon 
atoms, cycloalkyl of 5 to 12 carbon atoms, halogen, -SR 3 , -SOR 3 , or -S0 2 R 3 ; said alkyl or cycloalkyl substituted by one 
to eight halogen, -R 4 , -OR 5 , -N(R S ) 2 , =NR 5 =0, -CON(R 5 ) 2 , -COR 5 , -COOR s , -OCOR 5 , -CN, -NO a , -SR 5 , -SOR 5 , 
-S0 2 R s , -P(0)(OR 5 ) 2 , morpholinyl, piperidinyl, 2,2,6,6-tetramethylpiperidinyl, piperazinyl or N-methylpiperazinyl groups 
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or combinations thereof; or said alkyl or cycloalkyl interrupted by one to six phenylene, -O-, -NR 5 -, -CONR 5 -, -COO-, 
-OCO-, -C(R 5 )=C(R 5 )- or -CO- groups or combinations thereof; or said alkyl or cycloalkyl both substituted and interrupted 
by combinations of the groups mentioned above; 

R 3 is alkyl of 1 to 20 carbon atoms, alkenyl of 3 to 1 8 carbon atoms, cycloalkyl of 5 to 1 2 carbon atoms, phenylalkyl 
of 7 to 15 carbon atoms, aryl of 6 to 10 carbon atoms or said aryl substituted by one or two alkyl of 1 to 4 carbon atoms; 

R 4 is aryl of 6 to 1 0 carbon atoms, or said aryl substituted by one to three halogen, alkyl of 1 to 8 carbon atoms, 
alkoxy of 1 to 8 carbon atoms or combinations thereof; cycloalkyl of 5 to 12 carbon atoms; or phenylalkyl of 7 to 15 
carbon atoms, or said phenylalkyl substituted on the phenyl ring by one to three halogen, alkyl of 1 to 8 carbon atoms, 
alkoxy of 1 to 8 carbon atoms or combinations thereof; or straight or branched chain alkenyl of 2 to 18 carbon atoms; 

R 5 is defined as R 4 , or R 5 is also hydrogen or straight or branched chain alkyl of 1 to 24 carbon atoms; or R 5 is a 
group of the formula 



15 



20 




25 



30 



where T is hydrogen, oxyl, hydroxyl, alkyl of 1 to 12 carbon atoms, said alkyl substituted by at least one hydroxyl or 
lower alkoxy, benzyl or alkanoyl of 2 to 1 8 carbon atoms; 

R 2 is hydrogen, straight or branched chain alkyl of 1 to 24 carbon atoms or cycloalkyl of 5 to 1 2 carbon atoms; or 
said alkyl or cycloalkyl substituted by one to eight halogen, epoxy, glycidyloxy, f uryloxy, -R 4 , -OR 5 , -N(R 5 ) 2 , -CON(R 5 ) 2 , 
-COR 5 , -COOR 5 , -OCOR 5 , -OCOC(R 5 )=C(R s ) 2 , -C(R 5 )=CCOOR 5 , -CN, -NCO, or 



A 



-OCH(CH 2 OCH 2 



• CH 2 ) 2 
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combinations thereof; or said alkyl or cycloalkyl interrupted by one to six epoxy, -O-, -NR 5 -, -CONR 5 -, -COO-, -OCO-, 
-CO-, -C(R 5 )=C(R 5 )COO-, -OCOC(R 5 )=C(R 5 )-, -(R 5 )C=C(R S )-, phenylene, or -phenylene-G-phenylene in which G is 
-O-, -S-, -S0 2 -, -CH 2 -, or -C(CH 3 ) 2 -, or combinations thereof; or said alkyl or cycloalkyl both substituted and interrupted 
by combinations of the groups mentioned above; or R 2 is -S0 2 R 3 , or -COR 6 ; 

R 6 is straight or branched chain alkyl of 1 to 18 carbon atoms, straight or branched chain alkenyl of 2 to 18 carbon 
atoms, phenyl, alkoxy of 1 to 12 carbon atoms, phenoxy, alkylaminoof 1 to 12 carbon atoms, arylaminoof 6 to 12 carbon 
atoms or a group -R 7 COOH or -NH-R 8 -NCO; 

R 7 is alkylene of 2 to 1 4 carbon atoms or o-phenylene; 

R 8 is alkylene of 2 to 10 carbon atoms, phenylene, tolylene, diphenylenemethane or a group 



45 



SO 




with the proviso that when R 2 is hydrogen and R, is n-hexyl, X and Y are not each 5-n-hexyl-2,4-dihydroxyphenyl; 
for the compounds of formula II: 
55 X is phenyl or phenyl substituted with one to three lower alkyl, halogen, hydroxy or alkoxy; 

R t and R,' are the same or different and are defined as R-, above; 

R 2 and R 2 ' are the same or different and are defined as R 2 above; and 

with the proviso that when R, and R, ' are each n-hexyl, and R 2 and R 2 ' are each hydrogen, X is not 5-n-hexyl-2,4-di- 
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hydroxyphenyl; 

for the compounds of formula III: 

R v R 1 ' and R," are the same or different and are as defined for R 1 above; 

R 2 , R 2 ' and R 2 " are the same or different and are as defined for R 2 above; and 
s with the proviso than when R 2 , R 2 " and R 2 " are each hydrogen, R, , R-,' and R/' are not each n-hexyl; 

for the compound of formula IV: 

X, X', Y and Y' are the same or different and are phenyl, phenyl substituted by one to three lower alkyl, halogen, 
hydroxy or alkoxy; 

L is straight or branched chain alkyleneof 1 to 12 carbon atoms, cycloalkylene of 5 to 12 carbon atoms, alkylene 
10 substituted by or interrupted by cyclohexylene or phenylene; or L is benzylidene; or L is -S-, -S-S-, -S-E-S-, -SO-, -S0 2 -, 
-SO-E-SO-, -S0 2 -E-S0 2 -, -CH 2 -NH-E-NH-CH 2 - or 



15 




where E is alkylene of 2 to 12 carbon atoms, cycloalkylene of 5 to 1 2 carbon atoms, or alkylene interrupted or terminated 
20 by cyclohexylene of 8 to 1 2 carbon atoms; 

R 2 and R 2 ' are the same or different and are defined as R 2 is above; and 
for the compounds of formula V: 

X, Y, and are defined as above; 

n = 2 to 4; 

25 when n = 2, Q is straight or branched chain alkylene of 2 to 16 carbon atoms; or said alkylene substituted by one 

to eight -OH; or said alkylene interrupted by one to eight -CH=CH- or -O-; or said alkylene both substituted and interrupted 
by combinations of the groups mentioned above; or Q is xylylene or a group -CONH-R 8 -NHCO-, -CH 2 CH(OH) 
CH 2 0-R 9 -OCH 2 CH(OH)CH 2 - -CO-R 10 -CO- or -(CH 2 )m-COO-R 11 -OOC-(CH 2 )m- l 
where m = 1 to 3; or Q is 

30 



35 




40 R a defined as above; 

R g is alkylene of 2 to 50 carbon atoms; or said alkylene interrupted by 1 to 10 -O-, phenylene, or a group -phe- 
nylene-G-phenylene- in which G is -O-, -S-, -S0 2 -, -CH 2 -, or -C(CH 2 ) 2 -; 

R 10 is alkylene of 2 to 10 carbon atoms, or said alkylene interrupted by 1 to 4 -O-, -S-, or -CH=CH-; or R 10 is 
arylene of 6 to 1 2 carbon atoms; 
45 R n is alkylene of 4 to 20 carbon atoms, or said alkylene interrupted by 1 to 8 -O-; 

when n = 3, Q is a group -[(CH 2 ) m COO] 3 -R 12 where m = 1 to 3 and R 12 is an alkanetriyl of 3 to 12 carbon atoms; 
when n = 4, Q is a group -[(CH 2 ) m C0O 3 ] 4 -R 1 3 where m = 1 to 3 and R, 3 is an alkanetetry I of 4 to 1 2 carbon atoms. 
Lower alkyl are preferably C 1 -C 4 alkyl, especially methyl; lower alkoxy are preferably C, -C 4 alkoxy, especially meth- 

oxy. 

so Aryl of 6 to 10 carbon atoms includes mainly phenyl and naphthyl; preferred is phenyl. 

Halogen includes -F, -CI, -Br or -I; preferred are -CI or -Br; especially -CI. 

Preferably, the invention pertains to compounds of formula A, especially formula I, where X and Y are phenyl or 
phenyl substituted with one to three lower alkyl or halogen; 

R, is straight or branched chain alkyl of 1 to 24 carbon atoms, cycloalkyl of 5 to 12 carbon atoms, or phenylalkyl 
ss of 7 to 1 5 carbon atoms; 

R 2 is straight or branched chain alkyl of 2 to 24 carbon atoms, or said alkyl substituted by one or two -OR 5 , where 
R 5 is hydrogen, straight or branched chain alkyl of 1 to 24 carbon atoms, or phenyl; especially where said alkyl is 
substituted by one hydroxyl and by one -OR 5 where R 5 is alkyl of 1 to 24 carbon atoms or phenyl; 
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or compounds of formula IV where X, X", Y and Y' are phenyl or phenyl substituted with one to three lower alkyl 
or halogen; 

R 2 and R 2 ' are the same or different and are defined as R 2 is above; 
and L is: 



Most preferably, the invention pertains to compounds of formula I where X and Y are phenyl, 2,4-dimethylphenyl, 
4-methyl phenyl, or 4-chlorophenyl; 

R, is straight or branched chain alkyl of 1 to 24 carbon atoms, cycloalkyl of 5 to 12 carbon atoms, or phenylalkyl 
of 7 to 15 carbon atoms; 

R 2 is straight or branched chain alkyl of 2 to 6 carbon atoms, or said alkyl substituted by one or two -OR 5 where 
R 5 is hydrogen or straight or branched chain alkyl of 1 to 24 carbon atoms; especially where said alkyl is substituted by 
one hydroxyl and by one alkoxy of 1 to 24 carbon atoms. 

Some examples of preferred compounds of the instant invention are listed below. 

a. 4,6-bis-(2,4-dimethylphenyl)-2-[4-(3-dodecyloxy-2-hydroxypropoxy)-5-hexyl-2-hydroxyphenyl]-s-triazine; 

b. 2-[5-hexyl-2-hydroxy-4-(2-hydroxy-3-nonyloxypropoxy)phenyl]-4,6-bis-phenyl-s-triazine; 

c. 4,6-bis-(2,4-dimethylphenyl)-2-[2-hydroxy-4-(2-hydroxy-3-nonyloxypropoxy)-5-(1-methyl-1-phenylethyl)phenyl] 




or 




-s-triazine; 



d. 2-[2-hydroxy-4-octyloxy-5-(1 -methyl-1 -phenylethyl)phenyl]-4,6-bis-phenyls-triazine; and 



e. 4,6-bis-(2,4-dimethylphenyl)-2-[2-hydroxy-4-hexyloxy-5-(1 -methyl-1 -phenylethyl)phenyl]-s-triazine. 



Most especially, the instant invention pertains to the compounds of formula V or VI 



O 



Q 




OH 




V 
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15 




OH 



X N Y 



20 



25 



30 



35 



VI 

wherein for the compound of formula V: 

X and Y are the same or different and are phenyl or phenyl substituted by one to three lower alkyl, halogen, hydroxy 
or alkoxy; 

is straight or branched chain alkyl of 1 to 24 carbon atoms, straight or branched chain alkenyl of 2 to 24 carbon 
atoms, cycloalkyl of 5 to 1 2 carbon atoms, halogen, -SR 3 , -SOR 3 , or -SO2R3; said alkyl or cycloalkyl substituted by one 
to eight halogen, -R 4 , -OR 5 , -N(R S ) 2 , =NR S , =0, -CON(R 5 ) 2 , -COR 5 , -COOR 5 , -OCOR 5 , -CN, -N0 2 , -SR S , -SOR 5 , 
-S0 2 R 5 , -P(0)(OR 5 ) 2 , morpholinyl, piperidinyl, 2,2,6,6-tetramethylpiperidinyl, piperazinyl or N-methylpiperazinyl groups 
or combinations thereof; or said alkyl or cycloalkyl interrupted by one to six phenylene, -O-, -NR 5 -, -CONR 5 -, -COO-, 
-OCO-, -C(R 5 )=C(R S )- or -CO- groups or combinations thereof; or said alkyl or cycloalkyl both substituted and interrupted 
by combinations of the groups mentioned above; 

R 3 is alkyl of 1 to 20 carbon atoms, alkenyl of 3 to 1 8 carbon atoms, cycloalkyl of 5 to 1 2 carbon atoms, phenylalkyl 
of 7 to 15 carbon atoms, aryl of 6 to 10 carbon atoms or said aryl substituted by one or two alkyl of 1 to 4 carbon atoms; 

R 4 is aryl of 6 to 1 0 carbon atoms, or said aryl substituted by one to three halogen, alkyl of 1 to 8 carbon atoms, 
alkoxy of 1 to 8 carbon atoms or combinations thereof; cycloalkyl of 5 to 12 carbon atoms; or phenylalkyl of 7 to 15 
carbon atoms, or said phenylalkyl substituted on the phenyl ring by one to three halogen, alkyl of 1 to 8 carbon atoms, 
alkoxy of 1 to 8 carbon atoms or combinations thereof; or straight or branched chain alkenyl of 2 to 18 carbon atoms; 

R 5 is defined as R 4 , or R 5 is also hydrogen or straight or branched chain alkyl of 1 to 24 carbon atoms; or R 5 is a 
group of the formula 



40 



45 



50 



55 




where T is hydrogen, oxyl, hydroxy I, alkyl of 1 to 12 carbon atoms, said alkyl substituted by at least one hydroxyl or 
lower alkoxy, benzyl or alkanoyl of 2 to 1 8 carbon atoms; 
n = 2 to 4; 

when n = 2, Q is straight or branched chain alkylene of 2 to 16 carbon atoms; or said alkylene substituted by one 
to eight -OH; or said alkylene interrupted by one to eight -Cr-fcCH- or -O-; or said alkylene both substituted and interrupted 
by combinations of the groups mentioned above; or Q is xylylene or a group -CONH-R 8 -NHCO-, -CH 2 CH(OH) 
CH 2 0-R 9 -OCH 2 CH(OH)CH 2 -, -CO-R 10 -CO- or -(CH 2 )m-COO-R ir OOC-(CH 2 )m-, 
where m = 1 to 3; or Q is 
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OH 



10 



15 



20 



25 



30 



35 



40 



45 



50 



R a as defined below; 

R 9 is alkylene of 2 to 50 carbon atoms; or said alkylene interrupted by 1 to 10 -O-, phenylene, or a group -phe- 
nylene-G-phenylene- in which G is -O-, -S-, -S0 2 -, -CH 2 -, or -C(CH 2 ) 2 -; 

R 10 is alkylene of 2 to 10 carbon atoms, or said alkylene interrupted by 1 to 4 -O-, -S-, or -CH=CH-; or R 10 is 
arylene of 6 to 1 2 carbon atoms; 

R u is alkylene of 4 to 20 carbon atoms, or said alkylene interrupted by 1 to 8 -O-; 

when n = 3, Q is a group -[(CH 2 ) m COO] 3 -R 12 where m = 1 to 3 and R 12 is an alkanetriyl of 3 to 12 carbon atoms; 
when n = 4, Q is a group -[(CH 2 ) rn COO] 4 -R 13 where m = 1 to 3 and R 13 is an alkanetetryl of 4 to 12 carbon atoms; 



for the compounds of formula VI: 
X and Y are as defined above; 
t is 0 to 9; 

L is straight or branched chain alkylene of 1 to 12 carbon atoms, cycloalkylene of 5 to 12 carbon atoms, alkylene 
substituted by or interrupted by cyclohexylene or phenylene; or L is benzylidene; or L is -S-, -S-S-, -S-E-S-, -SO-, -S0 2 -, 
-SO-E-SO-, -S0 2 -E-S0 2 -, -CH 2 -NH-E-NH-CH 2 - or 



where E is alkylene of 2 to 12 carbon atoms, cycloalkylene of 5 to 12 carbon atoms, or alkylene interrupted or terminated 
by cyclohexylene of 8 to 1 2 carbon atoms; with the proviso that at least one L linkage is attached to the phenyl ring in 
the 5-position; 

R 2 is hydrogen, straight or branched chain alkyl of 1 to 24 carbon atoms or cycloalkyl of 5 to 12 carbon atoms; or 
said alkyl or cycloalkyl substituted by one to eight halogen, epoxy, glycidyloxy, furyloxy, -R4, -OR 5 , -N(R 5 ) 2 , -CON(R 5 ) 2 , 
-COR 5 , -COOR 5 , -OCOR 5 , -OCOC(R 5 )=C(R 5 ) 2 , -C(R 5 )=CCOOR 5 , -CN, -NCO, or " 



combinations thereof; or said alkyl or cycloalkyl interrupted by one to six epoxy, -O-, -NR 5 -, -CONR E -, -COO-, -OCO-, 
-CO-, -C(R 5 )=C(R 5 )COO-, -OCOC(R 5 )=C(R 5 )-, -(R 5 )C=C(R 5 )-, phenylene, or -phenylene-G-phenylene in which G is 
-O-, -S-, -S0 2 -, -CH 2 -, or -C(CH 3 ) 2 -, or combinations thereof; or said alkyl or cycloalkyl both substituted and interrupted 
by combinations of the groups mentioned above; or R 2 is -S0 2 R 3 , or -COR 6 ; 

R 6 is straight or branched chain alkyl of 1 to 18 carbon atoms, straight or branched chain alkenyl of 2 to 18 carbon 
atoms, phenyl, alkoxy of 1 to 1 2 carbon atoms, phenoxy, alkylamino of 1 to 1 2 carbon atoms, arylamino of 6 to 1 2 carbon 
atoms or a group -R 7 COOH or -NH-R 8 -NCO; 

R 7 is alkylene of 2 to 14 carbon atoms or o-phenylene; 

R 8 is alkylene of 2 to 10 carbon atoms, phenylene, tolylene, diphenylenemethane or a group 
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with R 4 and R 5 as defined above. 

Preferably, t is 0 to 3, most preferably 0 indicating a dimeric structure. In addition to discrete dimers as seen in 
formula IV, substituted on both resorcinol moieties in the 5-positions, it is possible under selected conditions to synthesize 
a "dimer mixture" as well as higher oligomers where the resorcinol derived rings are bound through both the 5 and 3 
positions. The 5:5 and 5:3 substituted dimers are the major components of these mixtures. Because there is a large 
proportion of 5-substituted resorcinol rings these mixtures are red-shifted. The isomers can be separated by chromato- 
graphic or other organic chemistry separation techniques, but the mixture itself is red-shifted and can be used as is as 
an effective UV absorber stabilizer. In addition to being red-shifted, the isomer mixture is very highly soluble in common 
organic solvents. 

Preferred compounds of formula VI are: 

a. 1 ,3-bis{1 -[2,4-dihydroxy-5-(3,5-bis(2,4-dimethylphenyl-s-triazinyl))phenyl]-1 -methylethyljbenzene; 

b. mixture of methylene-bis-2-(2-hydroxy-4-octyloxyphenyl)-4,6-(2,4-dimethylphenyl)-s-triazine; bridged in the 3:5, 
5:5 and 3:3 positions in a 5:4:1 ratio; and 

c. mixture of benzylidene-bis 2-(2-hydroxy-4-octyloxyphenyl)-4,6-(2,4-dimethyl phenyl)-s-triazine; bridged in the 3:5 
and 5:5 positions in a 1 :1 ratio. 

When any of the groups designated in the formulas is alkyl, such alkyl groups are, for example, methyl, ethyl, 
isopropyl, n-butyl, tert-butyl, tert-amyl, 2-ethylhexyl, n-octyl, n-undecyl, lauryl, n-heptadecyl and n-octadecyl; when 
alkylene, such alkylene groups are, for example, ethylene, trimethylene, tetramethylene, hexamethylene, octamethylene 
and 2,2-dimethylpropane-1,3-diyl; when cycloalkylene, such cycloalkylene groups are, for example, cyclopentylene or 
cyclohexylene; when phenyl substituted by alkyl or alkoxy, such groups are, for example, tolyl, xylyl or methoxyphenyl; 
when cycloalkyl, such groups are, for example, cyclopentyl, cyclohexyl, cyclooctyl or cyclododecyl; when phenylalkyl, 
such groups are, for example, benzyl, a-phenethyl, 2-phenethyl or 4-tert-butylbenzyl; when alkyl which are interrupted 
by -O- or -NR 5 - and can be substituted by OH are, for example, methoxyethyl, ethoxyethyl, butoxyethyl, butoxypropyl, 
CH 3 OCH 2 CH 2 OCH 2 CH 2 -, CH 3 CH 2 OCH 2 CH 2 OCH 2 CH 2 -, C 4 H 9 OCH 2 CH 2 OCH 2 CH 2 -, dodecyloxypropyl, 2-hydroxye- 
thyl, 2-hydroxypropyl, 4-hydroxybutyl, 6-hydroxyhexyl, -CH 2 CH 2 -NH-C 4 H 9 , -CH 2 CH 2 CH 2 NH-C 8 H 17 , -CH 2 CH 2 CH 2 -N 
(CH 3 )-CH 2 CH(C 2 H 5 )C 4 H 9 , 2-hydroxy-3-nonyloxypropoxy and 2-hydroxy-3-dodecyloxypropoxy. 

Another feature of this invention are the processes by which these products may be obtained. The construction of 
the tris-aryl-s-triazine nucleus is well known and is described in U.S. Patent Nos. 3,268,474 and 3,244,708. What is 
claimed here are the processes by which a resorcinol group of a tris-aryl-s-triazine may be "post-alkylated," that is, 
functionalized by substitution in the 5-position with a saturated carbon. 

The intermediates and reagents required to make the instant compounds are largely items of commerce or can be 
obtained by methods known in the art. 

Numerous processes may be employed for this "alkylation". Friedel-Crafts alkylations with alkenes, alkyl halides or 
alcohols using the appropriate catalyst, e.g. aluminum chloride, p-toluenesulfonic acid, methanesulfonic acid, etc.; re- 
duction of the product of a Friedel-Crafts acylation; metal-phenoxide additions across activated (Michael) or unactivated 
alkenes, with appropriate counterions being potassium, sodium, aluminum, titanium, etc. 

The processes preferably employed are Friedel-Crafts alkylations with alkenes using catalytic amounts of p-tolue- 
nesulfonic acid or methanesulfonic acid; or aluminum phenoxide additions across unactivated alkenes using catalytic 
amounts of diisobutylaluminum hydride or aluminum isopropoxide. 

The process most preferably employed is the aluminum phenoxide addition of the resorcinol-tris-aryl-s-triazine 
across an unactivated alkene using catalytic aluminum isopropoxide, the reaction being run neat at temperatures be- 
tween 110° and 250°C. The process is outlined below: 
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15 



20 




OH 



Al(0-iPr)3 
(catalyst) 



The process for making the instant compounds is preferably run with a two to ten excess equivalent amount of 
alkene, cycloalkene or phenylalkene compared to the amount of the compound of formula la 





(la) 



M 

Still another aspect of the instant invention is a composition stabilized against the deleterious effects of actinic 
25 radiation which comprises 



(a) an organic material subject to degradation when exposed to actinic radiation, and 



(b) an effective stabilizing amount of a compound of formula A or B, especially of formula I, II, III, IV, V or VI. 

30 

The organic material is preferably a polymer, especially a high solids thermoset acrylic/melamine resin or an acrylic 
urethane resin; most preferably a high solids thermoset acrylic/melamine resin. 
Preferably, the composition is a polymer film compositions which comprises 



35 (a) an electro coat primer in adhesion to a metal substrate, 



(b) a base or color coat that is in adhesion to the electro coat and which comprises a film-forming binder and an 
organic pigment or an inorganic pigment or mixtures thereof, 

40 (c) a clear coat that is in adhesion to the base coat and which comprises a film-forming binder, and 

(d) an effective stabilizing amount, of at least one tris-aryl-s-triazine UV absorber contained in either the base coat 
or the clear coat or both base coat and clear coat. 



45 The composition above contains as component (d) between 1 and 20% by weight of the film-forming binder. 

Component (d) is preferably incorporated into the base coat. 

The instant invention also pertains to the defined above which additionally contains an effective stabilizing amount 
of at least one 2-hydroxyphenyl-2H-benzotriazole; another tris-aryl-s-triazine; or hindered amine or mixtures thereof. 
Preferably, the 2-hydroxyphenyl-2H-benzotriazole is selected from the group consisting of 
50 2-(2-hydroxy-3,5-di-tert-amylphenyl)-2H-benzotriazole; 

2-[2-hydroxy-3,5-di(a,a-dimethylbenzyl)phenyl]-2H-benzotriazole; 
2-[2-hydroxy-3-(a,a-dimethylbenzyl)-5-octylphenyl]-2H-benzotriazole; 

2-{2-hydroxy-3-tert-butyl-5-[2-(omega-hydroxy-octa(ethyleneoxy)carbonyl)ethyl]phenyl}-2H-benzotriazole; and 
2-{2-hydroxy-3-tert-butyl-5-[2-(octyloxy)carbonyl)ethyl]phenyl}-2H-benzotriazole. 
55 Preferably, the other tris-aryl-s-triazine is selected from the group consisting of 

2,4-bis(2,4-dimethylphenyl)-6-(2-hydroxy-4-octyloxyphenyl)-s-triazine; 
2,4-diphenyl-6-(2-hydroxy-4-hexyloxyphenyl)-s-triazine; and 

2,4-bis(2,4-dimethylphenyl)-6-[2-hydroxy-4-(3-do-/tri-decyloxy-2-hydroxypropoxy)phenyl]-s-triazine. 
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The alkyd resin lacquers which can be stabilized against the action of light and moisture in accordance with the 
instant invention are the conventional stoving lacquers which are used in particular for coating automobiles (automobile 
finishing lacquers), for example lacquers based on alkyd/melamine resins and alkyd/acrylic/melamine resins (see H. 
Wagner and H. F. Sarx, "Lackkunstharze" (1977), pages 99-123). Other crosslinking agents include glycouril resins, 
blocked isocyanates or epoxy resins. 

The lacquers stabilized in accordance with the invention are suitable both for metal finish coatings and solid shade 
finishes, especially in the case of retouching finishes, as well as various coil coating applications. The lacquers stabilized 
in accordance with the invention are preferably applied in the conventional manner by two methods, either by the sin- 
gle-coat method or by the two-coat method. In the latter method, the pigment-containing base coat is applied first and 
then a covering coat of clear lacquer over it. 

It is also to be noted that the compounds of the present invention are applicable for use in non-acid catalyzed 
thermoset resins such as epoxy, epoxy-polyester, vinyl, alkyd, acrylic and polyester resins, optionally modified with 
silicon, isocyanates or isocyanurates. The epoxy and epoxy-polyester resins are crosslinked with conventional 
cross-linkers such as acids, acid anhydrides, amines and the like. Correspondingly, the epoxide may be utilized as the 
crosslinking agent for various acrylic or polyester resin systems that have been modified by the presence of reactive 
groups on the backbone structure. 

When used in two-coat finishes, the compounds of the instant invention can be incorporated in the clear coat or 
both in the clear coat and in the pigmented base coat. 

To attain maximum light stabilization, the concurrent use of other conventional light stabilizers can be advantageous. 
Examples of such stabilizers are UV absorbers of the benzophenone, benzotriazole, s-triazine, cyanoacrylate oroxani- 
lide type, or metal-containing light stabilizers, for example, organic nickel compounds, or hindered amine light stabilizers. 
In two-coat systems, these additional light stabilizers can be added to the clear coat or both in the clear coat and in the 
pigments base coat. 

In general polymers which can be stabilized include 

1 . Polymers of monoolefins and diolefins, for example polypropylene, polyisobutylene, polybut-1 -ene, poly-4-meth- 
ylpent-1-ene, polyisoprene or polybutadiene, as well as polymers of cycloolefins, for instance of cyclopentene or 
norbornene, polyethylene (which optionally can be crosslinked), for example high density polyethylene (HDPE), 
high density and high molecular weight polyethylene (HDPE-HMW), high density and ultrahigh molecular weight 
polyethylene (HDPE-UHMW), medium density polyethylene (MDPE), low density polyethylene (LDPE), linear low 
density polyethylene (LLDPE), branched low density polyethylene (BLDPE). 

Polyolefins, i.e. the polymers of monoolefins exemplified in the preceding paragraph, preferably polyethylene and 
polypropylene, can be prepared by different, and especially by the following, methods: 

a) radical polymerisation (normally under high pressure and at elevated temperature). 

b) catalytic polymerisation using a catalyst that normally contains one or more than one metal of groups IVb, 
Vb, Vlb or VIII of the Periodic Table. These metals usually have one or more than one ligand, typically oxides, 
halides, alcoholates, esters, ethers, amines, alkyls, alkenyls and/or aryls that may be either n- or o-coordinated. 
These metal complexes may be in the free form or fixed on substrates, typically on activated magnesium chlo- 
ride, titanium(lll) chloride, alumina or silicon oxide. These catalysts may be soluble or insoluble in the polym- 
erisation medium. The catalysts can be used by themselves in the polymerisation or further activators may be 
used, typically metal alkyls, metal hydrides, metal alky I halides, metal alkyl oxides or metal alkyloxanes, said 
metals being elements of groups la, lis and/or Ilia of the Periodic Table. The activators may be modified con- 
veniently with further ester, ether, amine or silyl ether groups. These catalyst systems are usually termed Phillips, 
Standard Oil Indiana, Ziegler (-Natta), TNZ (DuPont), metallocene or single site catalysts (SSC). 

2. Mixtures of the polymers mentioned under 1), for example mixtures of polypropylene with polyisobutylene, poly- 
propylene with polyethylene (for example PP/HDPE, PP/LDPE) and mixtures of different types of polyethylene (for 
example LDPE/HDPE). 

3. Copolymers of monoolefins and diolefins with each other or with other vinyl monomers, for example ethylene/pro- 
pylene copolymers, linear low density polyethylene (LLDPE) and mixtures thereof with low density polyethylene 
(LDPE), propylene/but-1 -ene copolymers, propylene/isobutylene copolymers, ethylene/but-1 -ene copolymers, eth- 
ylene/hexene copolymers, ethylene/methylpentene copolymers, ethylene/heptene copolymers, ethylene/octene 
copolymers, propylene/butadiene copolymers, isobutylene/isoprene copolymers, ethylene/alkyl acrylate copoly- 
mers, ethylene/alkyl methacrylate copolymers, ethylene/vinyl acetate copolymers and their copolymers with carbon 
monoxide or ethylene/acrylic acid copolymers and their salts (ionomers) as well as terpolymers of ethylene with 
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propylene and a diene such as hexadiene, dicyclopentadiene or ethylidene-norbornene; and mixtures of such copol- 
ymers with one another and with polymers mentioned in 1) above, for example polypropylene/ethylene-propylene 
copolymers, LDPE/ethylene-vinyl acetate copolymers (EVA), LDPE/ethylene-acrylic acid copolymers (EAA), 
LLDPE/EVA, LLDPE/EAA and alternating or random polyalkylene/carbon monoxide copolymers and mixtures 
s thereof with other polymers, for example polyamides. 

4. Hydrocarbon resins (for example C 5 -C 9 ) including hydrogenated modifications thereof (e.g. tackifiers) and mix- 
tures of polyalkylenes and starch. 

10 5. Polystyrene, poly(p-methylstyrene), poly(a-methylstyrene). 

6. Copolymers of styrene or a-methylstyrene with dienes or acrylic derivatives, for example styrene/butadiene, 
styrene/acrylonitrile, styrene/alkyl methacrylate, styrene/butadiene/alkyl acrylate, styrene/butadiene/alkyl methacr- 
ylate, styrene/maleic anhydride, styrene/acrylonitrile/methyl acrylate; mixtures of high impact strength of styrene 

is copolymers and another polymer, for example a polyacrylate, a diene polymer or an ethylene/propylene/diene ter- 

polymer; and block copolymers of styrene such as styrene/butadiene/styrene, styrene/isoprene/styrene, sty- 
rene/ethylene/butylene/styrene or styrene/ethylene/propylene/ styrene. 

7. Graft copolymers of styrene or a-methylstyrene, for example styrene on polybutadiene, styrene on polybutadi- 
20 ene-styrene or polybutadiene-acrylonitrile copolymers; styrene and acrylonitrile (or methacrylonitrile) on polybuta- 
diene; styrene, acrylonitrile and methyl methacrylate on polybutadiene; styrene and maleic anhydride on polybuta- 
diene; styrene, acrylonitrile and maleic anhydride or maleimide on polybutadiene; styrene and maleimide on polyb- 
utadiene; styrene and alkyl acrylates or methacrylates on polybutadiene; styrene and acrylonitrile on ethylene/pro- 
pylene/diene terpolymers; styrene and acrylonitrile on polyalkyl acrylates or polyalkyl methacrylates, styrene and 

25 acrylonitrile on acrylate/butadiene copolymers, as well as mixtures thereof with the copolymers listed under 6), for 

example the copolymer mixtures known as ABS, MBS, ASA or AES polymers. 

8. Halogen-containing polymers such as polychloroprene, chlorinated rubbers, chlorinated and brominated copol- 
ymer of isobutylene-isoprene (halobutyl rubber), chlorinated or sulfochlorinated polyethylene, copolymers of ethyl- 

30 ene and chlorinated ethylene, epichlorohydrin homo- and copolymers, especially polymers of halogen-containing 

vinyl compounds, for example polyvinyl chloride, polyvinylidene chloride, polyvinyl fluoride, polyvinylidene fluoride, 
as well as copolymers thereof such as vinyl chlorideA/inylidene chloride, vinyl chloride/vinyl acetate or vinylidene 
chloride/vinyl acetate copolymers. 

35 g. Polymers derived from a,p-unsaturated acids and derivatives thereof such as polyacrylates and polymethacr- 

ylates; polymethyl methacrylates, polyacrylamides and polyacrylonitriles, impact-modified with butyl acrylate. 

10. Copolymers of the monomers mentioned under 9) with each other or with other unsaturated monomers, for 
example acrylonitrile/ butadiene copolymers, acrylonitrile/alkyl acrylate copolymers, acrylonitrile/alkoxyalkyl acr- 

40 ylate or acrylonitrile/vinyl halide copolymers or acrylonitrile/ alkyl methacrylate/butadiene terpolymers. 

11 . Polymers derived from unsaturated alcohols and amines or the acyl derivatives or acetals thereof, for example 
polyvinyl alcohol, polyvinyl acetate, polyvinyl stearate, polyvinyl benzoate, polyvinyl maleate, polyvinyl butyral, poly- 
allyl phthalate or polyallyl melamine; as well as their copolymers with olefins mentioned in 1 ) above. 

45 

1 2. Homopolymers and copolymers of cyclic ethers such as polyalkylene glycols, polyethylene oxide, polypropylene 
oxide or copolymers thereof with bisglycidyl ethers. 

1 3. Polyacetals such as polyoxymethylene and those polyoxymethy lenes which contain ethylene oxide as a comon- 
50 omer; polyacetals modified with thermoplastic polyurethanes, acrylates or MBS. 

1 4. Polyphenylene oxides and sulfides, and mixtures of polyphenylene oxides with styrene polymers or polyamides. 

15. Polyurethanes derived from hydroxyl-terminated polyethers, polyesters or polybutadienes on the one hand and 
ss aliphatic or aromatic polyisocyanates on the other, as well as precursors thereof. 

16. Polyamides and copolyamides derived from diamines and dicarboxylic acids and/or from aminocarboxylic acids 
or the corresponding lactams, for example polyamide 4, polyamide 6, polyamide 6/6, 6/10, 6/9, 6/12, 4/6, 12/12, 



17 



EP 0 704 437 A2 



polyamide 1 1 , polyamide 1 2, aromatic polyamides starting from m-xylene diamine and adipic acid; polyamides pre- 
pared from hexamethylenediamine and isophthalic or/and terephthalic acid and with or without an elastomer as 
modifier, for example poly-2,4,4,-trimethylhexamethylene terephthalamide or poly-m-phenylene isophthalamide; 
and also block copolymers of the aforementioned polyamides with polyolefins, olefin copolymers, ionomers or chem- 
5 ically bonded or grafted elastomers; or with polyethers, e.g. with polyethylene glycol, polypropylene glycol or poly- 

tetramethylene glycol; as well as polyamides or copolyamides modified with EPDM or ABS; and polyamides con- 
densed during processing (RIM polyamide systems). 

17. Polyureas, polyimides, polyamide-imides, polyetherimids, poly esterim ids, polyhydantoins and polybenzimida- 
10 zoles. 

18. Polyesters derived from dicarboxylic acids and diols and/or from hydroxycarboxylic acids or the corresponding 
lactones, for example polyethylene terephthalate, polybutylene terephthalate, poly-1,4-dimethylolcyclohexane 
terephthalate and polyhydroxybenzoates, as well as block copolyether esters derived from hydroxyl-terminated 

75 polyethers; and also polyesters modified with polycarbonates or MBS. 

1 9. Polycarbonates and polyester carbonates. 

20. Polysulfones, polyether sulfones and polyether ketones. 

20 

21 . Crosslinked polymers derived from aldehydes on the one hand and phenols, ureas and melamines on the other 
hand, such as phenol/formaldehyde resins, urealformaldehyde resins and melamine/formaldehyde resins. 

22. Drying and non-drying alkyd resins. 

25 

23. Unsaturated polyester resins derived from copolyesters of saturated and unsaturated dicarboxylic acids with 
polyhydric alcohols and vinyl compounds as crosslinking agents, and also halogen-containing modifications thereof 
of low flammability. 

30 24. Crosslinkable acrylic resins derived from substituted acrylates, for example epoxy acrylates, urethane acrylates 

or polyester acrylates. 

25. Alkyd resins, polyester resins and acrylate resins crosslinked with melamine resins, urea resins, isocyanates, 
isocyan urates, polyisocyanates or epoxy resins. 

35 

26. Crosslinked epoxy resins derived from aliphatic, cycloaliphatic, heterocyclic or aromatic glycidyl compounds, 
e.g. products of diglycidyl ethers of bisphenol A and bisphenol F, which are crosslinked with customary hardeners 
such as anhydrides or amines, with or without accelerators. 

40 27. Natural polymers such as cellulose, rubber, gelatin and chemically modified homologous derivatives thereof, 

for example cellulose acetates, cellulose propionates and cellulose butyrates, or the cellulose ethers such as methyl 
cellulose; as well as rosins and their derivatives. 

28. Blends of the aforementioned polymers (polyblends), for example PP/EPDM, Polyamide/EPDM or ABS, 
45 PVC/EVA, PVC/ABS, PVC/MBS, PC/ABS, PBTP/ABS, PC/ASA, PC/PBT, PVC/CPE, PVC/acrylates, POM/thermo- 

plastic PUR, PC/thermoplastic PUR, POM/acrylate, POM/MBS, PPO/HIPS, PPO/PA 6.6 and copolymers, 
PA/HDPE, PA/PP, PA/PPO, PBT/PC/ABS or PBT/PET/PC. 

29. Naturally occurring and synthetic organic materials which are pure monomeric compounds or mixtures of such 
50 compounds, for example mineral oils, animal and vegetable fats, oil and waxes, or oils, fats and waxes based on 

synthetic esters (e.g. phthalates, adipates, phosphates or trimellitates) and also mixtures of synthetic esters with 
mineral oils in any weight ratios, typically those used as spinning compositions, as well as aqueous emulsions of 
such materials. 

55 30. Aqueous emulsions of natural or synthetic rubber, e.g. natural latex or latices of carboxylated styrene/butadiene 

copolymers. 

30. Polysiloxanes such as the soft, hydrophilic polysiloxanes described, for example, in U.S. Patent No. 4,259,467; 
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and the hard polyorganosiloxanes described, for example, in U.S. Patent No. 4,355,147. 

31 . Polyketimines in combination with unsaturated acrylic polyacetoacetate resins or with unsaturated acrylic resins. 
The unsaturated acrylic resins include the urethane acrylates, polyether acrylates, vinyl or acryl copolymers with 
pendant unsaturated groups and the acrylated melaminas. The polyketimines are prepared from polyamines and 
ketones in the presence of an acid catalyst. 

32. Radiation curable compositions containing ethylenically unsaturated monomers or oligomers and a polyunsat- 
urated aliphatic oligomer. 

33. Epoxymelamine resins such as light-stable epoxy resins crosslinked by an epoxy functional coetherified high 
solids melamine resin such as LSE-4103 (Monsanto). 

In general, the compounds of the present invention are employed from about 0.01 to about 20% by weight of the 
stabilized composition, although this will vary with the particular substrate and application. An advantageous range is 
from 0.1 to 10%, e.g. 1 to 5%; preferably 1.5 to 2.5%. 

Other compositions of special interest include those which additionally contain a UV absorber selected from the 
group consisting of the benzophenones, benzotriazoles, cyanoacrylic acid derivatives, hydroxyaryl-s-triazines, organic 
nickel compounds and oxanilides. 

Preferred UV absorbers are selected from the group consisting of 
2-[2-hydroxy-3,5-di-(a,a-dimethylbenzyl)phenyl]-2H-benzotriazole, 
2-[2-hydroxy-3-(a,a-dimethylbenzyl)-5octylphenyl]-2H-benzotriazole, 

2-(2-hydroxy-3,5-di-tert-amylphenyl)-2H-benzotriazole, 2-[2-hydroxy-3-tert-butyl-5-(co-hydroxy-octa(ethyleneoxy)carb- 
onyl)ethylphenyl]-2H-benzotriazole, 2-[2-hydroxy-3-tert-butyl-5-(2-octyloxycarbonylethyl)phenyl]-2H-benzotriazole, 4, 
4'-dioctyloxyoxanilide, 2,2'-dioctyloxy-5,5 , -di-tert-butyloxanilide, 2,2'-didodecyloxy-5,5'-di-tert-butyloxanilide, 2-ethoxy- 
2'ethyloxanilide, 2,6-bis(2,4-dimethylphenyl)-4-(2-hydroxy-4-octyloxyphenyl-s-triazine, 2,6-bis(2,4-dimethylphenyl)-4- 
(2,4-dihydroxyphenyl)-s-triazine, 2,4-bis(2,4-dihydroxyphenyl)-6-(4-chlorophenyl)-s-triazine, 2,6-bis(2,4-dimethylphe- 
nyl)-4-[2-hydroxy-4-(2-hydroxy-3-dodecyloxypropanoxy)phenyl]-s-triazine and 2,2'-dihydroxy-4,4'-dimethoxybenzo- 
phenone. 

Additional compositions of interest include those which additionally contain an effective stabilizing amount of a 
phenolic antioxidant; those which additionally contain a hindered amine derivative; or which additionally contain a phos- 
phite or phosphonite stabilizer. 

Compositions of special interest also include those wherein the organic material is an enamel of high solids content 
used for an industrial finish; is used as a coil coating; is used as a penetrating wood finish or is used as a film-forming 
wood finish. 

When the instant compounds also contain a reactive functional group, said compounds can be chemically bonded 
by either condensation or free radical addition reaction to the polymer substrate. This provides for a non-migrating, 
non-sublimable UV absorber stabilizer. Such reactive functional groups include hydroxy, amino, amido, carboxyl and 
ethylenically unsaturated moieties. 

The various organic materials useful in the instant invention are described in detail later in this application as well 
as are the various coadditives whose concomitant use with the instant compounds is often found to be highly beneficial. 

The resulting stabilized polymer compositions of the invention may optionally also contain from about 0.01 to about 
5%, preferably from about 0.025 to about 2%, and especially from about 0. 1 to about 1 % by weight of various conventional 
additives, such as the materials listed below, or mixtures thereof. 

1 . Antioxidants 

1.1. Alkylated monophenols , for example 2,6-di-tert-butyl-4-methylphenol, 2-tert-butyl-4,6-dimethylphenol, 
2,6-di-tert-butyl-4-ethylphenol, 2,6-di-tert-butyl-4-n-butylphenol, 2,6-di-tert-butyl-4-isobutylphenol, 2,6-dicy- 
clopentyl-4-methylphenol, 2-(a-methylcyclohexyl)-4,6-dimethylphenol, 2,6-dioctadecyl-4-methylphenol, 
2,4,6-tricyclohexylphenol, 2,6-di-tert-butyl-4-methoxymethylphenol, nonylphenols which are linear or branched 
in the side chains, for example, 2,6-di-nonyl-4-methylphenol, 2,4-dimethyl-6-(1'-methylundec-1'-yl)phenol, 
2,4-dimethyl-6-(1 '-methylheptadec-1 '-yl)phenol, 2,4-dimethyl-6-(1 '-methyltridec-1 '-yl)phenol and mixtures 
thereof. 

1.2. Alkylthiomethvlphenols , for example 2,4-dioctylthiomethyl-6-tert-butylphenol, 2,4-dioctylthiome- 
thyl-6-methylphenol, 2,4-dioctylthiomethyl-6-ethylphenol, 2,6-di-dodecylthiomethyl-4-nonylphenol. 
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1.3. Hydroquinones and alkylated hydroquinones , for example 2,6-di-tert-butyl-4-methoxyphenol, 
2,5-di-tert-butylhydroquinane, 2,5-di-tert-amylhydroquinorte, 2,6-diphenyl-4-octadecyloxyphenol, 2,6-di-tert- 
butylhydroquinone, 2,5-di-tert-butyl-4-hydroxyanisole, 3,5-di-tert-butyl-4-hydroxyanisole, 3,5-di-tert-butyl-4- 
hydroxyphenyl stearate, bis-(3,5-di-tert-butyl-4-hydroxyphenyl) adipate. 

1.4. Tocopherols , for example a-tocopherol, p-tocopherol, v-tocopherol, 8-tocopherol and mixtures thereof 
(Vitamin E). 

1.5. Hydroxylated thiodiphenyl ethers , for example 2,2'-thiobis(6-tert-butyl-4-methylphenol), 2,2'-thiobis 
(4-octylphenol), 4,4'-thiobis(6-tert-butyl-3-methylphenol), 4,4'-thiobis(6-tert-butyl-2-methylphenol), 4,4'-thiobis- 
(3,6-di-sec-amylphenol), 4,4'-bis-(2,6-dimethyl-4-hydroxyphenyl) disulfide. 

1.6. Alkylidenebisphenols , for example 2,2'-methylenebis(6-tert-butyl-4-methylphenol), 2,2'-methylenebis(6- 
tert-butyl-4-ethylphenol), 2,2'-methylenebis[4-methyl-6-(a-methylcyclohexyl)phenol], 2,2'-methylenebis(4-me- 
thyl-6-cyclohexylphenol), 2,2'-methylenebis(6-nonyl-4-methylphenol), 2,2'-methylenebis(4,6-di-tert-butylphe- 
nol), 2,2'-ethylidenebis(4,6-di-tert-butylphenol), 2,2'-ethylidenebis(6-tert-butyl-4-isobutylphenol), 2,2'-methyl- 
enebis[6-(a-methylbenzyl)-4-nonylphenol], 2,2'-methylenebis[6-(a,a-dimethylbenzyl)-4-nonylphenol], 4,4'-me- 
thylenebis(2,6-di-tert-butylphenol), 4,4'-methylenebis(6-tertbutyl-2-methylphenol), 1 ,1 -bis(5-tert-butyl-4-hy- 
droxy-2-methylphenyl)butane, 2,6-bis(3-tert-butyl-5-methyl-2-hydroxybenzyl)-4-methylphenol, 1 ,1 ,3-tris(5-tert- 
butyl-4-hydroxy-2-methylphenyl)butane, 1,1-bis(5-tert-butyl-4-hydroxy-2-methyl-phenyl)-3-n-dodecylmercap- 
tobutane, ethylene glycol bis[3,3-bis(3'-tert-butyl-4'-hydroxyphenyl)butyrate], bis(3-tert-butyl-4-hydroxy-5- 
methyl-phenyl)dicyclopentadiene, bis[2-(3'-tert-butyl-2'-hydroxy-5'-methylbenzyl)-6-tert-butyl-4-methylphenyl] 
terephthalate, 1 , 1 -bis-(3,5-dimethyl-2-hydroxyphenyl)butane, 2,2-bis-(3,5-di-tert-butyl-4-hydroxyphenyl)pro- 
pane, 2,2-bis-(5-tert-butyl-4-hydroxy2-methylphenyl)-4-n-dodecylmercaptobutane, 1 ,1 ,5,5-tetra-(5-tertbutyl- 
4-hydroxy2-methylphenyl)pentane. 

1.7. Q-, N- and S-benzyl compounds , for example 3,5,3',5'-tetra-tert-butyl-4,4'-dihydroxydibenzyl ether, octa- 
decyl-4-hydroxy-3,5-dimethylbenzylmercaptoacetate, tridecyl-4-hydroxy-3,5-di-tert-butylbenzylmercaptoace- 
tate, tris(3,5-di-tert-butyl-4-hydroxybenzyl)amine, bis(4-tert-butyl-3-hydroxy-2,6-dimethylbenzyl)dithiotereph- 
thalate, bis(3,5-di-tertbutyl-4-hydroxybenzyl)sulfide, isooctyl-3,5di-tert-butyl-4-hydroxybenzylmercaptoacetate. 

1.8. Hydroxybenzylated malonates , for example dioctadecyl-2,2-bis-(3,5-di-tert-butyl-2-hydroxybenzyl) 
-malonate, di-octadecyl-2-(3-tert-butyl-4-hydroxy-S-methylbenzyl)-malonate, di-dodecylmercaptoethyl-2,2-bis- 
(3,5-di-tert-butyl-4-hydroxybenzyl)malonate, bis-[4-(1,1 ,3,3-tetramethytbutyl)phenyl]-2,2-bis(3,5-di-tert-butyl- 
4-hydroxybenzyl)malonate. 

1.9. Aromatic hydroxybenzyl compounds , for example 1,3,5-tris-(3,5-di-tert-butyl-4-hydroxybenzyl)-2,4,6-tri- 
methylbenzene, 1,4-bis(3,5-di-tert-butyl-4-hydroxybenzyl)-2,3,5,6-tetramethylbenzene, 2,4,6-tris(3,5-di-tert- 
buty l-4-hydroxybenzyl )phenol . 

1.10. Triazine Compounds , for example 2,4-bis(octylmercapto)-6-(3,5-di-tert-butyl-4-hydroxyanilino)-1,3,5-tri- 
azine, 2-octylmercapto-4,6-bis(3,5-di-tert-butyl-4-hydroxyanilino)-1,3,5-triazine, 2-octylmercapto-4,6-bis(3,5- 
di-tert-butyl-4-hydroxyphenoxy)-1 ,3,5-triazine, 2,4,6-tris(3,5-di-tert-butyl-4-hydroxyphenoxy)-1 ,2,3-triazine, 1 , 
3,5-tris-(3,5-di-tert-butyl-4-hydroxybenzyl)isocyanurate, 1,3,5-tris(4-tert-butyl-3-hydroxy-2,6-dimethylbenzyl) 
isocyanurate, 2,4,6-tris(3,5-di-tert-butyl-4-hydroxyphenylethyl)-1 ,3,5-triazine, 1 ,3,5-tris(3,5-di-tert-butyl-4-hy- 
droxyphenylpropionyl)-hexahydro-1,3,5-triazine, 1,5-tris(3,5-dicyclohexyl-4-hydroxybenzyl)isocyanurate. 

1.11. Benzylphosphonates , for example dimethyl-2,5-di-tert-butyl-4-hydroxybenzylphosphonate, die- 
thyl-3,5-di-tert-butyl-4-hydroxybenzylphosphonate, dioctadecyl3,5-di-tertbutyl-4-hydroxybenzylphosphonate, 
dioctadecyl-5-tert-butyl-4-hydroxy3-methylbenzylphosphonate, the calcium salt of the monoethyl ester of 
3,5-di-tert-butyl-4-hydroxybenzylphosphonic acid. 

1.12. Acylaminophenols , for example 4-hydroxylauranilide, 4-hydroxystearanilide, octyl N-(3,5-di-tert- 
butyl-4-hydroxyphenyl)carbamate. 

1.13. Esters of 3-(3,5-di-tert-butvl-4-hvdroxyphenvl)propionic acid with mono- or polyhydric alcohols, e.g. 
with methanol, ethanol, n-octanol, i-octanol, octadecanol, 1,6-hexanediol, 1,9-nonanediol, ethylene glycol, 
1 ,2-propanediol, neopentyl glycol, thiodiethylene glycol, diethylene glycol, triethylene glycol, pentaerythritol, tris 
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(hydroxyethyl) isocyanurate, N,N'-bis(hydroxyethyl)oxamide, 3-thiaundecanol, 3-thiapentadecanol, trimelhyl- 
hexanediol, trimethylolpropane, 4-hydroxymethyl-1 -phospha-2,6,7-trioxabicyclo[2.2.2]-octane. 

1.14. Esters of B-(5-tert-butvl-4-hvdroxv-3-methvlphenyl)propionic acid with mono- or polyhydric alcohols, 
e.g. with methanol, ethanol, n-octanol, i-octanol, octadecanol, 1 ,6-hexanediol, 1 ,9-nonanediol, ethylene glycol, 
1 ,2-propanediol, neopentyl glycol, thiodiethylene glycol, diethylene glycol, triethylene glycol, pentaerythritol, tris 
(hydroxyethyl) isocyanurate, N,N'-bis(hydroxyethyl)oxamide, 3-thiaundecanol, 3-thiapentadecanol, trimethyl- 
hexanediol, trimethylolpropane, 4-hydroxymethyl-1 -phospha-2,6,7-trioxabicyclo-[2.2.2]octane. 

1.15. Esters of 3-(3,5-dicvclohexvl-4-hvdroxyphenv0propionic acid with mono- or polyhydric alcohols, e.g. 
with methanol, ethanol, octanol, octadecanol, 1 ,6-hexanediol, 1 ,9-nonanediol, ethylene glycol, 1 ,2-propanediol, 
neopentyl glycol, thiodiethylene glycol, diethylene glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyl) 
isocyanurate, N,N'-bis(hydroxyethyl)oxamide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, tri- 
methylolpropane, 4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2.2.2]octane. 

1.16. Esters of 3,5-di-tert-butyl-4-hvdroxyphenvl acetic acid with mono- or polyhydric alcohols, e.g. with meth- 
anol, ethanol, octanol, octadecanol, 1,6-hexanediol, 1,9-nonanediol, ethylene glycol, 1 ,2-propanediol, neo- 
pentyl glycol, thiodiethylene glycol, diethylene glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyl)isocy- 
anurate, N,N'-bis(hydroxyethyl)oxamide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol, trimethyl- 
olpropane, 4-hydroxymethyl-1-phospha-2,6,7-trioxabicyclo[2.2.2]octane. 

1.17. Amides of P-(3,5-di-tert-butvl-4-hvdroxvphenvQpropionic acid e.g. N,N'-bis(3,5-ditert-butyl-4-hydroxy- 
phenylpropionyl)hexamethylenediamine, N,N'-bis(3,5-di-tert-butyl-4-hydroxyphenylpropionyl)trimethylenedi- 
amine, N,N'-bis(3,5-di-tert-butyl-4-hydroxyphenylpropionyl)hydrazine. 

1 .18. Ascorbic acid (vitamin C) 

1.19. Aminic antioxidants , for example N,N'-di-isopropyl-p-phenylenediamine, N,N'-di-sec-butyl-p-phenylene- 
diamine, N,N'-bis(1,4-dimethylpentyl)-p-phenylenediamine, N,N'-bis(1-ethyl-3-methylpentyl)-p-phenylenedi- 
amine, N,N'-bis(1-methylheptyl)-p-phenylenediamine, N,N'-dicyclohexyl-p-phenylenediamine, N,N'-diphenyl- 
p-phenylenediamine, N,N'-bis(2-naphthyl)-p-phenylenediamine, N-isopropyl-N'-phenyl-p-phenylenediamine, 
N-(1 ,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine, N-(1 -methylheptyl)-N'-phenyl-p-phenylenediamine, N- 
cyclohexyl-N'-phenyl-p-phenylenediamine, 4-(p-toluenesulfamoyl)diphenylamine, N,N'-dimethyl-N,N'-di-sec- 
butyl-p-phenylenediamine, diphenylamine, N-allyldiphenylamine, 4-isopropoxydiphenylamine, N-phenyl-1- 
naphthylamine, N-(4-tert-octylphenyl)-1-naphthylamine, N-phenyl-2-naphthylamine, octylated diphenylamine, 
for example p.p'-di-tert-octyldiphenylamine, 4-n-butylaminophenol, 4-butyrylaminophenol, 4-nonanoyl- 
amino-phenol, 4-dodecanoylaminophenol, 4-octadecanoylaminophenol, bis(4-methoxyphenyl)amine, 
2,6-di-tert-butyl-4-dimethylaminomethylphenol, 2,4'-diaminodiphenylmethane, 4,4'-diaminodiphenylmethane, 
N,N,N\NMetramethyl-4,4'-diaminodiphenylmethane, 1,2-bis[(2-methylphenyl)amino]ethane, 1,2-bis(phe- 
nylamino)propane, (o-tolyl)biguanide, Bis[4-(1,3'-dimethylbutyl)phenyl]amine, tert-octylated N-phenyl-1-naph- 
thylamine, a mixture of mono- and dialkylated tert-butyl/tert-octyldiphenylamines, a mixture of mono- and 
dialkylated nonyldiphenylamines, a mixture of mono- and dialkylated dodecyldiphenylamines, a mixture of 
mono- and dialkylated isopropyl/isohexyldiphenylamines, a mixture of mono- und dialkylated tert-butyldiphe- 
nylamines, 2,3-dihydro-3,3-dimethyl-4H-1,4-benzothiazine, phenothiazine, a mixture of mono- und dialkylated 
tert-butyl/tert-octylphenothiazines, a mixture of mono- und dialkylated tert-octylphenothiazines, N-allylpheno- 
thiazin, N,N,N',N'-tetraphenyl-1,4-diaminobut-2-ene, N,N-bis(2,2,6,6-tetramethyl-piperid-4-yl-hexamethylene- 
diamine, bis(2,2,6,6-tetramethylpiperid-4-yl)sebacate, 2,2,6, 6-tetramethylpiperidin-4-one, 2,2,6,6-tetramethyl- 
piperidin-4-ol. 

2. UV absorbers and light stabilisers 

2. 1 . 2- (2'-Hvdroxvphenyl)benzotriazoles, for example 2-(2'-hydroxy-5'-methylphenyl)benzotriazole, 2-(3',5'- 
di-tert-butyl-2'-hydroxyphenyl)benzotriazole, 2-(5'-tert-butyl-2'-hydroxyphenyl)benzotriazole, 2-(2'-hydroxy-5'- 
(1,1,3,3-tetramethylbutyl)phenyl)benzotriazole, 2-(3'5'-di-tert-butyl-2'-hydroxyphenyl)-5-chloro-benzotriazole, 
2-(3'-tert-butyl-2'-hydroxy-5'-methylphenyl)-5-chloro-benzotriazole, 2-(3'-sec-butyl-5'-tert-butyl-2'-hydroxyphe- 
nyl)benzotriazole, 2-(2'-hydroxy-4'-octyloxyphenyl)benzotriazole, 2-(3',5'-di-tert-amyl-2'-hydroxyphenyl)benzo- 
triazole, 2-(3',5 , -bis-(a,a-dimethylbenzyl)-2'-hydroxyphenyl)benzotriazole, mixture of 2-(3'-tert- 
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butyl-2'-hydroxy-5'-(2-octyloxycarbonylethyl)phenyl)-5-chloro-benzotriazole, 2-(3'-tert-butyl-5'-[2-(2-ethylhexy- 
loxy)-carbonylethyl]-2'-hydroxyphenyl)-5-chloro-benzotriazole, 2-(3'-tert-butyl-2'-hydroxy-5'-(2-methoxycarbo- 
nylethyl)phenyl)-5-chloro-benzotriazole, 2-(3'-tert-butyl-2'-hydroxy-5'-(2-methoxycarbonylethyl)phenyl)benzot- 
riazole, 2-(3'-tert-butyl-2'-hydroxy-5'-(2-octyloxycarbonylethyl)phenyl)benzotriazole, 2-(3'-tert-butyl-5'-[2-(2- 
ethylhexyloxy)carbonylethyl]-2'-hydroxyphenyl)benzotriazola, 2-(3'-dodecyl-2'-hydroxy-5'-methylphenyl)ben- 
zotriazole, and 2-(3'-tert-butyl-2'-hydroxy-5'-(2-isooctyloxycarbonylethyl)phenylbenzotriazole, 2,2'-methyl- 
ene-bis[4-(1,1,3,3-tetramethylbutyl)-6-benzotriazole-2-ylphenol]; the transesterification product of 2- 
[3'-tert-butyl-5'-(2-methoxycarbonylethyl)-2'-hydroxyphenyl]-2H-benzotriazole with polyethylene glycol 300; 

[R-CH 2 CH 2 -COO(CH 2 )3 , where R = 3'-tert-butyl-4'-hydroxy-5'-2H-benzotriazol-2-ylphenyl. 

2.2. 2-Hydroxybenzophenones , for example the 4-hydroxy, 4-methoxy, 4-octyloxy, 4-decyloxy, 4-dodecyloxy, 
4-benzyloxy, 4,2',4'-trihydroxy and 2 , -hydroxy-4,4'-dimethoxy derivatives. 

2.3. Esters of substituted and unsubstituted benzoic acids , as for example 4-tertbutylphenyl salicylate, phenyl 
salicylate, octylphenyl salicylate, dibenzoyl resorcinol, bis(4-tert-butylbenzoyl) resorcinol, benzoyl resorcinol, 
2,4-di-tertbutylphenyl 3,5-di-tert-butyl-4-hydroxybenzoate, hexadecyl 3,5-di-tert-butyl-4-hydroxybenzoate, 
octadecyl 3,5-di-tertbutyl-4-hydroxybenzoate, 2-methyl-4,6-di-tert-butylphenyl 3,5-di-tert-butyl-4-hydroxyben- 
zoate. 

2.4. Acrylates , for example ethyl a-cyano-p,p-diphenylacrylate, isooctyl a-cyano-p,p-diphenylacrylate, methyl 
a-carbomethoxycinnamate, methyl a-cyano-p-methyl-p-methoxycinnamate, butyl a-cyano-p-methyl-p-meth- 
oxy-cinnamate, methyl a-carbomethoxy-p-methoxycinnamate and N-(P-carbomethoxy-p-cyanovinyl)-2-meth- 
ylindoline. 

2.5. Nickel compounds , for example nickel complexes of 2,2'-thio-bis-[4-(1,1,3,3-tetramethylbutyl)phenol], 
such as the 1:1 or 1:2 complex, with or without additional ligands such as n-butylamine, triethanolamine or 
N-cyclohexyldiethanolamine, nickel dibutyldithiocarbamate, nickel salts of the monoalkyl esters, e.g. the methyl 
or ethyl ester, of 4-hydroxy-3,5-di-tert-butylbenzylphosphonic acid, nickel complexes of ketoximes, e.g. of 
2-hydroxy-4-methylphenyl undecylketoxime, nickel complexes of 1-phenyl-4-lauroyl-5-hydroxypyrazole, with 
or without additional ligands. 

2.6. Sterically hindered amines , for example bis(2,2,6,6-tetramethyl-4-piperidyl)sebacate, bis(2,2,6,6-tetram- 
ethyl-4-piperidyl)succinate, bis(1 ,2,2,6,6-pentamethyl-4-piperidyl)sebacate, bis(1 -octyloxy-2,2,6,6-tetrame- 
thyl-4-piperidyl)sebacate, bis(1,2,2,6,6-pentamethyl-4-piperidyl) n-butyl-3,5-di-tert-butyl-4-hydroxybenzyl- 
malonate, the condensate of 1-(2-hydroxyethyl)-2,2,6,6-tetramethyl-4-hydroxypiperidine and succinic acid, the 
condensate of N,N'-bis(2,2,6,6-tetramethyl-4-piperidyl)hexamethylenediamine and 4-tert-octylamino-2,6- 
dichloro-1,3,5-triazine,tris(2,2,6,6-tetramethyl-4-piperidyl)nitrilotriacetate,tetrakis(2,2,6,6-tetramethyl-4-piperi- 
dyl)-1 ,2,3,4-butane-tetracarboxylate, 1,1'-(1 ,2-ethanediyl)bis(3,3,5,5-tetramethylpiperazinone), 4-benzoyl- 
2,2,6,6-tetramethylpiperidine, 4-stearyloxy-2,2,6,6-tetramethylpiperidine, bis(1,2,2,6,6-pentamethylpiperidyl)- 
2-n-butyl-2-(2-hydroxy-3,5-di-tert-butylbenzyl)malonate, 3-n-octyl-7,7,9,9-tetramethyl-1,3,8-triazaspiro[4.5] 
decan-2,4-dion, bis(1-octyloxy-2,2,6,6-tetramethylpiperidyl)sebacate, bis(1-octyloxy-2,2,6,6-tetramethylpiperi- 
dyl)succinate, the condensate of N,N'-bis-(2,2,6,6-tetramethyl-4-piperidyl)hexamethylenediamine and 4-mor- 
pholino-2,6-dichloro-1,3,5-triazine, the condensate of 2-chloro-4,6-bis(4-n-butylamino-2,2,6,6-tetramethyl- 
piperidyl)-1,3,5-triazine and 1,2-bis(3-aminopropylamino)ethane, the condensate of 2-chloro-4,6-di- 
(4-n-butylamino-1 ,2,2,6,6-pentamethylpiperidyl)-1 ,3,5-triazine and 1 ,2-bis-(3-aminopropylamino)ethane, 8- 
acetyl-3-dodecyl-7,7,9,9-tetramethyl-1,3,8-triazaspiro[4.5]decane-2,4-dione, 3-dodecyl-1-(2,2,6,6-tetramethyl- 
4-piperidyl)pyrrolidin-2,5-dione, 3-dodecyl-1-(1 ,2,2,6,6-pentamethyl-4-piperidyl)pyrrolidine-2,5-dione, a mix- 
ture of 4-hexadecyloxyand 4-stearyloxy-2,2,6,6-tetramethylpiperidine, a condensation product of N.N'-bis- 
(2,2,6,6-tetramethyl-4-piperidyl)hexamethylenediamine and 4-cyclohexylamino-2,6-dichloro-1 ,3,5-triazine, a 
condensation product of 1,2-bis(3-aminopropylamino)ethane and 2,4,6-trichloro-1,3,5-triazine as well as 
4-butylamino-2,2,6,6-tetramethylpiperidine (CAS Reg. No. [136504-96-6]); N-(2,2,6,6-tetramethyl-4-piperidyl) 
-n-dodecylsuccinimid, N-(1,2,2,6,6-pentamethyl-4-piperidyl)-n-dodecylsuccinimid, 2-undecyl-7,7,9,9-tetrame- 
thyl-1-oxa-3,8-diaza-4-oxo-spiro[4,5]decane, a reaction product of 7,7,9,9-tetramethyl-2-cyclounde- 
cyl-1-oxa-3,8-diaza-4-oxospiro [4,5]decane und epichlorohydrin. 

2.7. Qxamides , for example 4,4'-dioctyloxyoxanilide, 2,2'-diethoxyoxanilide, 2,2'-dioctyloxy-5,5'-di-tert-butox- 
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anilide, 2,2'-didodecyloxy-5,5'-di-tert-butoxanilide, 2-ethoxy-2'-ethyloxanilide, N,N'-bis(3-dimethylaminopropyl) 
oxamide, 2-ethoxy-5-tert-butyl-2'-ethoxanilide and its mixture with 2-ethoxy-2'-ethy l-5,4'-di-tert-butoxanilide and 
mixtures of ortho- and para-methoxy-disubstituted oxanilides and mixtures of o- and p-ethoxy-disubstituted 
oxanilides. 

2,8, 2-(2-Hydroxyphenyl)-1 ,3,5-triazines , for example 2,4,6-tris(2-hydroxy-4-octyloxyphenyl)-1,3,5-triazine, 
2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis(2 J 4-dimethylphenyl)-1,3,5-triazine, 2-(2,4-dihydroxyphenyl)-4,6-bis(2, 
4-dimethylphenyl)-1,3,5-triazine, 2,4-bis(2-hydroxy-4-propyloxyphenyl)-6-(2,4-dimethylphenyl)-1,3,5-triazine, 
2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis(4-methylphenyl)-1,3,5-triazine, 2-(2-hydroxy-4-dodecyloxyphenyl)-4, 
6-bis(2,4-dimethylphenyl)-1,3,5-triazine, 2-(2-hydroxy-4-tridecyloxyphenyl)-4,6-bis(2,4-dimethylphenyl)-1,3,5- 
triazine, 2-[2-hydroxy-4-(2-hydroxy-3-butyloxy-propoxy)phenyl]-4,6-bis(2,4-dimethyl)-1,3,5-triazine, 2-[2- 
hydroxy-4-(2-hydroxy-3-octyloxy-propyloxy)phenyl]-4,6-bis(2,4-dimethyl)-1,3,5-triazine, 2-[4-(dodecyloxy/tri- 
decyloxy-2-hydroxypropoxy)-2-hydroxy-phenyl]-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine, 2-[2-hydroxy-4-(2- 
hydroxy-3 -dodecyloxy-propoxy)phenyl]-4,6-bis(2,4-dimethylphenyl)-1,3,5-triazine, 2-(2-hydroxy-4-hexyloxy) 
phenyl-4,6-diphenyl-1 ,3,5-triazine, 2-(2-hydroxy-4-methoxyphenyl)-4,6-diphenyl-1 ,3,5-triazine, 2,4,6-tris 
[2-hydroxy-4-(3(butoxy-2-hydroxy-propoxy)phenyl]-1,3,5-triazine, 2-(2-hydroxyphenyl)-4-(4-methoxyphenyl)- 
6-phenyl-1 ,3,5-triazine. 

3. Metal deactivators , for example N,N'-diphenyloxamide, N-salicylal-N'-salicyloyl hydrazine, N,N'-bis(salicyloyl) 
hydrazine, N,N'-bis(3,5-di-tert-butyl-4-hydroxyphenylpropionyl) hydrazine, 3-salicyloylamino-1 ,2,4-triazole, bis 
(benzylidene)oxalyldihydrazide, oxanilide, isophthaloyl dihydrazide, sebacoyl bisphenylhydrazide, N,N'-diacetylad- 
ipoyl dihydrazide, N,N'-bis(salicyloyl)oxalyl dihydrazide, N,N'-bis(salicyloyl)thiopropionyl dihydrazide. 

4. Phosphites and phosphonites , for example triphenyl phosphite, diphenyl alkyl phosphites, phenyl dialkyl phos- 
phites, tris(nonylphenyl) phosphite, trilauryl phosphite, trioctadecyl phosphite, distearyl pentaerythritol diphosphite, 
tris(2,4-di-tert-butylphenyl) phosphite, diisodecyl pentaerythritol diphosphite, bis(2,4-di-tert-butylphenyl) pentaeryth- 
ritol diphosphite, bis(2,6-di-tert-bu1yl-4-methylphenyl)-pentaerythritol diphosphite, diisodecyloxypentaerythritol 
diphosphite, bis(2,4-di-tert-butyl-6-methylphenyl)pentaerythritol diphosphite, bis(2,4,6-tris(tert-butylphenyl)pen- 
taerythritol diphosphite, tristearyl sorbitol triphosphite, tetrakis(2,4-di-tert-butylphenyl) 4,4'-biphenylene diphos- 
phonite, 6-isooctyloxy-2,4,8,10-tetra-tert-butyl-12H-dibenz[d,g]-1,3,2-dioxaphosphocin,6-fluoro-2,4,8,10-tetra-tert- 
butyl-12-methyl-dibenz[d,g]-1,3,2-dioxaphosphocin, bis(2,4-di-tert-butyl-6-methylphenyl)methylphosphite, bis(2,4- 
di-tert-butyl-6-methylphenyl)ethylphosphite. 

5. Hvdroxylamines , for example, N,N-dibenzylhydroxylamine, N,N-diethylhydroxylamine, N,N-dioctylhydroxy- 
lamine, N,N-dilaurylhydroxylamine, N,N-ditetradecylhydroxylamine, N,N-dihexadecylhydroxylamine, N,N-dioctade- 
cylhydroxylamine, N-hexadecyl-N-octadecylhydroxylamine, N-heptadecyl-N-octadecylhydroxylamine, N,N-dialkyl- 
hydroxylamine derived from hydrogenated tallow amine. 

6. Nitrones , for example, N-benzyl-alpha-phenyl-nitrone, N-ethyl-alpha-methyl-nitrone, N-octyl-alpha-hep- 
tyl-nitrone, N-lauryl-alpha-undecyl-nitrone, N-tetradecyl-alpha-tridecyl-nitrone, N-hexadecyl-alpha-pentadecyl- 
nitrone, IM-octadecyl-alpha-heptadecyl-nitrone, N-hexadecyl-alpha-heptadecyl-nitrone, N-ocatadecyl-alpha-penta- 
decyl-nitrone, N-heptadecyl-alpha-heptadecyl-nitrone, N-octadecyl-alpha-hexadecyl-nitrone, nitrone derived from 
N.N-dialkylhydroxylamine derived from hydrogenated tallow amine. 

7. Thiosvnergists , for example, dilauryl thiodipropionate or distearyl thiodipropionate. 

8. Peroxide scavengers , for example esters of p-thiodipropionic acid, for example the lauryl, stearyl, myristyl or 
tridecyl esters, mercaptobenzimidazole or the zinc salt of 2-mercaptobenzimidazole, zinc dibutyldithiocarbamate, 
dioctadecyl disulfide, pentaerythritol tetrakis(p-dodecylmercapto)propionate. 

9. Polyamide stabilisers , for example, copper salts in combination with iodides and/or phosphorus compounds and 
salts of divalent manganese. 

10. Basic co-stabilisers , for example, melamine, polyvinylpyrrolidone, dicyandiamide, triallyl cyanurate, urea deriv- 
atives, hydrazine derivatives, amines, polyamides, polyurethanes, alkali metal salts and alkaline earth metal salts 
of higherfatty acids for example calcium stearate, zincstearate, magnesium behenate, magnesium stearate, sodium 
ricinoleate and potassium palmitate, antimony pyrocatecholate or tin pyrocatecholate. 
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11 . Nucleating agents , (or example, inorganic substances such as talcum, metal oxides such as titanium dioxide 
or magnesium oxide, phosphates, carbonates or sulfates of, preferably, alkaline earth metals; organic compounds 
such as mono- or polycarboxylic acids and the salts thereof, e.g. 4-tert-butylbenzoic acid, adipic acid, diphenylacetic 
acid, sodium succinate or sodium benzoate; polymeric compounds such as ionic copolymers fionomers"). 

12. Fillers and reinforcing agents , for example, calcium carbonate, silicates, glass fibres, glass bulbs, asbestos, 
talc, kaolin, mica, barium sulfate, metal oxides and hydroxides, carbon black, graphite, wood flour and flours or 
fibers of other natural products, synthetic fibers. 

13. Other additives , for example, plasticisers, lubricants, emulsifiers, pigments, rheology additives, catalysts, 
flow-control agents, optical brighteners, flameproofing agents, antistatic agents and blowing agents. 

14. Benzofuranones and indolinones , for example those disclosed in US-A-4 325 863, US-A-4 338 244, US-A-5 
175 312, US-A-5 216 052, US-A-5 252 643, DE-A-4 316 611, DE-A-4 316 622, DE-A-4 316 876, EP-A-0 589 839 
or EP-A-0 591 102 or 3-[4-(2-acetoxyethoxy)phenyl]-5,7-di-tert-butyl-benzofuran-2-one, 5,7-di-tert-butyl-3-[4-(2- 
stearoyloxyethoxy)phenyl]benzofuran-2-one, 3,3'-bis[5,7-di-tert-butyl-3-(4-[2-hydroxyethoxy]phenyl)benzofuran- 
2-one], 5,7-di-tert-butyl-3-(4-ethoxyphenyl)benzofuran-2-one, 3-(4-acetoxy-3,5-dimethylphenyl)-5,7-di-tert-butyl- 
benzofuran-2-one, 3-(3,5-dimethyl-4-pivaloyloxyphenyl)-5,7-di-tert-butyl-benzofuran-2-one. 

The phenolic antioxidant of particular interest is selected from the group consisting of n-octadecyl 3,5- 
di-tert-butyl-4-hydroxyhydrocinnamate, neopentanetetrayl tetrakis(3,5-di-tert-butyl-4-hydroxyhydrocinammate), di-n- 
octadecyl 3,5-di-tert-butyl-4-hydroxybenzylphosphonate, 1 ,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl)isocyanurate, thi- 
odiethylenebis(3,5-di-tert-butyl-4-hydroxyhydrocinnamate), 1,3,5-trimethyl-2,4,6-tris(3,5-di-tert-butyl-4-hydroxybenzyl) 
benzene, 3,6-dioxaoctamethylene bis(3-methyl-5-tert-butyl-4-hydroxyhydrocinnamate), 2,6-di-tert-butyl-p-cresol, 2,2'- 
ethylidene-bis(4,6-di-tert-butylphenol), 1 ,3,5-tris(2,6-dimethyl-4-tert-butyl-3-hydroxybenzyl)isocynurate, 1 ,1 ,3,-tris(2- 
methyl-4-hydroxy-5-tert-butylphenyl)butane, 1,3,5-tris[2-(3,5-di-tert-butyl-4-hydroxyhydrocinnamoyloxy)ethyl]isocyanu- 
rate, 3,5-di-(3,5-di-tert-butyl-4-hydroxybenzyl)mesitol, hexamethylene bis(3,5-di-tert-butyl-4-hydroxyhydrocinnamate), 
1-(3,5-di-tert-butyl-4-hydroxyanilino)-3,5-di(octylthio)-s-triazine, N,N'-hexamethylene-bis(3,5-di-tert-butyl-4-hydroxyhy- 
drocinnamamide), calcium bis(ethyl 3,5-di-tert-butyl-4-hydroxybenzylphosphonate), ethylene bis[3,3-di(3-tert-butyl- 

4- hydroxyphenyl)butyrate], octyl 3,5-di-tert-butyl-4-hydroxybenzylmercaptoacetate, bis(3,5-di-tert-butyl-4-hydroxyhy- 
drocinnamoyl)hydrazide, and N,N'-bis[2-(3,5-di-tert-butyl-4-hydroxyhydrocinnamoyloxy)-ethyl]oxamide. 

A most preferred phenolic antioxidant is neopentanetetrayl tetrakis(3,5-di-tert-butyl-4-hydroxyhydrocinnamate), 
n-octadecyl 3,5-di-tert-butyl-4-hydroxyhydrocinnamate, 1,3,5-trimethyl-2,4,6-tris(3,5-di-tert-butyl-4-hydroxybenzyl)ben- 
zene, 1,3,5-tris(3,5-di-tert-butyl-4-hydroxybenzyl)isocyanurate, 2,6-di-tert-butyl-p-cresol or 2,2'-ethylidene-bis- 
(4,6-di-tert-butylphenol). 

The hindered amine compound of particular interest is selected from the group consisting of bis(2,2,6,6-tetrameth- 
ylpiperidin-4-yl) sebacate, bis(1,2,2,6,6-pentamethylpiperidin-4-yl)sebacate, di(1,2,2,6,6-pentamethylpiperidin-4-yl) (3, 

5- di-tert-butyl-4-hydroxybenzyl)butylmalonate,4-benzoyl-2,2,6,6-tetramethylpiperidine,4-stearyloxy-2,2,6,6-tetrameth- 
ylpiperidine, 3-n-octyl-7,7,9,9-tetramethyl-1 ,3,8-triaza-spiro[4.5]decane-2,4-dione, tris(2,2,6,6-tetramethylpiperidin-4- 
yl) nitrilotriacetate, 1,2-bis(2,2,6,6-tetramethyl-3-oxopiperazin-4-yl)ethane, 2,2,4,4-tetramethyl-7-oxa-3,20-diaza-21-ox- 
odispiro[5.1.11.2] heneicosane, polycondensation product of 2,4-dichloro-6-tert-octylamino-s-triazine and 4,4'-hexam- 
ethylenebis(amino-2,2,6,6-tetramethylpiperidine), polycondensation product of 1-(2-hydroxyethyl)-2,2,6,6-tetrame- 
thyl-4-hydroxypiperidine and succinic acid, polycondensation product of 4,4'-hexamethylenebis-(amino-2,2,6,6-tetram- 
ethylpiperidine) and 1,2-dibromoethane, tetrakis(2,2,6,6-tetramethylpiperidin-4-yl) 1 ,2,3,4-butanetetracarboxylate, tet- 
rakis(1,2,2,6,6-pentamethylpiperidin-4-yl) 1,2,3,4-butanetetracarboxylate, polycondensation product of 2,4-dichlo- 
ro-6-morpholino-s-triazine and 4,4'-hexamethylenebis(amino-2,2,6,6-tetramethylpiperidine), N,N',N",N'"-tetrakis[(4,6- 
bis(butyl-2,2,6,6-tetramethyl-piperidin-4-yl)-amino-s-triazin-2-yl]-1 ,1 0-diamino-4,7-diaza decane, mixed [2,2,6,6-te- 
tramethylpiperidin-4-yl/p,p,p',p'-tetramethyl-3,9-(2,4,8, 10-tetraoxaspiro[5.5]-undecane) diethyl] 1 ,2,3,4-butanetetracar- 
boxylate, mixed [1,2,2,6,6-pentamethylpiperidin-4-yl/p,|3,p , ,P'-tetramethyl-3,9-(2,4,8,10-tetraoxaspiro[5.5]undecane)di- 
ethyl] 1,2,3,4-butanetetracarboxylate, octamethylene bis(2,2,6,6-tetramethylpiperidin-4-carboxylate) 4,4'-ethylenebis 
(2,2,6,6-tetramethylpiperazin-3-one), N-2,2,6,6-tetramethylpiperidin-4-yl-n-dodecylsuccinimide, N-1 ,2,2,6,6-penta- 
methylpiperidin-4-yl-n-dodecylsuccinimide, N-1 -acetyl-2,2,6,6-tetramethylpiperidin-4-yln-dodecylsuccinimide, 1 -ace- 
tyl3-dodecyl-7,79,9-tetramethyl-1,3,8-triazaspiro[4.5]decane-2,4-dione, di-(1-octyloxy-2,2,6,6-tetramethylpiperidin-4- 
yl) sebacate, di-(1-cyclohexyloxy-2,2,6,6-tetramethylpiperidin-4-yl) succinate, 1-octyloxy-2,2,6,6-tetramethyl-4-hy- 
droxy-piperidine, poly-{[6-tert-octylamino-s-triazin-2,4-diyl][2-(1-cyclohexyloxy-2,2,6,6-tetramethylpiperidin-4-yl)imino- 
hexamethylene-[4-(1 -cyclohexyloxy-2,2,6,6-tetramethylpiperidin-4-yl)imino], and 2,4,6-tris[N-(1-cyclohexyloxy-2,2,6 ,6- 
tetramethylpiperidin-4-yl)-n-butylamino]-s-triazine. 

A most preferred hindered amine compound is bis(2,2,6,6-tetramethylpiperidin-4-yl) sebacate, bis(1,2,2,6,6-pen- 



24 



EP 0 704 437 A2 



tamethylpiperidin-4-yl) sebacate, di(1 ,2,2,6,6-pentamethylpiperidin-4-yl) (3,5-di-tert-butyl-4-hydroxybenzyl)butyl- 
malonate, the polycondensation product of 1 -(2-hydroxyethyl)-2,2,6,6-tetramethyl-4-hydroxypiperidine and succinic ac- 
id, the polycondensation product of 2,4-dichloro-6-tert-octylamino-s-triazine and 4,4'-hexamethylenebis(amino-2,2,6,6- 
tetramethylpiperidine), N,N , ,N",N"'-tetrakis[(4,6-bis(butyl-(2,2,6,6-tetramethyl-piperidin-4-yl)amino)-s-triazine-2-yl]-1 , 
s 10-diamino-4,7-diazadecane. di-(1-octyloxy-2,2,6,6-tetramethylpiperidin-4-yl) sebacate, di-(1-cyclohexyloxy-2,2,6,6-te- 
tramethylpiperidin-4-yl) succinate, 1 -octyloxy-2,2,6,6-tetramethyl-4-hydroxy-piperidine, poly-{[6-tert-octylamino-s-tri- 
azin-2,4-diyl] [2-(1-cyclohexyloxy-2,2,6,6-tetramethylpiperidin-4-yl)irninohexamethylene-[4-(1-cyclohexyloxy-2,2,6,6- 
tetramethylpiperidin-4-yl)imino], or 2,4,6-tris[N-(1-cyclohexyloxy-2,2,6,6-tetramethylpiperidin-4-yl)-n-butylamino]-s-tri- 
azine. 

io The following examples are for illustrative purposes only and are not to be construed to limit the scope of the instant 

invention in any manner whatsoever. 

Example 1 

is 2-(2,4-Dihydroxy-5-hexylphenyl)-4,6-bis-(2,4-dimethylphenyl)-s-triazine 

To a 500 mL three-necked, round-bottomed flask equipped with a magnetic stirrer, condenser, and a nitrogen at- 
mosphere are charged 5.10 g (16.0 mmol) of 2-chloro-4,6-bis-(2,4-dimethylphenyl)-s-triazine, 3.10 g (16.0 mmol) of 
hexylresorcinol, and 40 mL of tetrachloroethane. The mixture becomes homogeneous with gentle warming after which 

20 2. 10 g (1 6.0 mmol) of aluminum chloride are added quickly in small portions. The mixture is heated for five hours with 
an oil bath maintained at 148°C, and is allowed to sit overnight at room temperature. Following the addition of 200 mL 
of 2 N hydrochloric acid, the mixture is refluxed for two hours. After cooling to room temperature, a portion of ethyl 
acetate is added and the layers are separated. The aqueous layer is extracted twice more with ethyl acetate and the 
combined organic layers are dried over anhydrous magnesium sulfate. Following filtration, the solvent is removed under 

25 reduced pressure to afford 7.35 g of yellow solid. The crude product is recrystallized from ethyl acetate/heptane to yield 
4.15 g of the title compound as a yellow solid; mp 165-167°C. 

1 H nmr (CDCI 3 ) and mass spectra are consistent with the desired compound; UV X max (ethyl acetate) 288; 348 nm 
(e 38,000; 16,200). 



30 


Analysis: 




Calcd for C 31 H 3S N 3 0 2 : 


C, 77.3; 


H, 7.3; 


N, 8.7. 




Found: 


C, 77.2; 


H, 7.3; 


N, 8.7. 



35 Example 2 



4,6-Bis-(2,4-dimethylphenyl)-2-[5-hexyl-2-hydroxy-4-(2-hydroxy-3-phenoxypropoxy)phenyl] -s-triazine 

To a 500 mL round-bottomed flask equipped with a magnetic stirrer, condenser, and a nitrogen atmosphere are 
40 charged 3.88 g (8.10 mmol) of the product of Example 1, 30mLof 1 ,2-epoxy-3-phenoxypropane, and 200 mg of triphe- 
nylethylphosphonium iodide. The mixture is stirred at an external temperature of 210°C for six hours. After cooling to 
room temperature, excess epoxide is removed under reduced pressure and the residue is dissolved in a portion of 3:1 
heptane:ethyl acetate. The solution is passed through a plug of silica gel and the solvent is removed to yield 7.70 g of 
orange solid. The crude product is purified with medium pressure chromatography with 3:1 heptane:ethyl acetate fol- 
45 lowed by recrystallization from heptane to afford 1.17 g of the title compound as a yellow solid; mp 110-111°C. 

1 H nmr (CDCI 3 ) and mass spectra are consistent with the desired compound; UV X. max (ethyl acetate) 288; 350 nm 
(e40,500; 19,500). 





Analysis: 


so 


Calcd for C 40 H4 5 N 3 O4: 


C, 76.0; 


H, 7.2; 


N, 6.7. 




Found: 


C, 75.7; 


H, 7.4; 


N, 6.5. 



Example 3 

55 

4,6-Bis-(2,4-dimethylphenyl)-2-[4-(3-dodecyloxy-2-hydroxypropoxy)-5-hexyl-2-hydroxyphenyl] -s-triazine 

To a 1 L three-necked, round-bottomed flask equipped with a magnetic stirrer, condenser, thermometer, and a 
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nitrogen atmosphere are charged 1 5.0 g (31 . 1 mmol) of the product of Example 1 , 1 2.0 g (46.9 mmol) of glycidyl dodecyl* 
ether, and 770 mg of triphenylethylphosphonium iodide. The mixture is stirred at 210 B C for eight hours. After cooling 
to room temperature, excess epoxide is removed under reduced pressure. The crude product istaken up in ethyl acetate, 
passed through a plug of silica gel and purified with medium pressure chromatography with 3:1 heptane:ethyl acetate 
s to afford 1 6.4 g of the title compound as an orange glassy solid. 

1 H nmr (CDCI 3 ) and mass spectra are consistent with the desired compound; UV X max (ethyl acetate) 290; 350 nm 
(e 49,500 and 23,900). 

Example 4 

10 

2-(2,4-Dihydroxy-5-ethylphenyl)-4,6-bis-(2,4-dimethylphenyl)-s-triazine 

To a 500 ml_ round-bottomed flask equipped with a magnetic stirrer, condenser, and a nitrogen atomosphere are 
charged 5. 14 g (15.9 mmol) of 2-chloro-4,6-bis-(2,4-dimethylphenyl)-s-triazine, 2.20 g (15.9 mmol) of 4-ethylresorcinol, 

is and 40 mL of tetrachloroethane. After gentle warming to dissolve the mixture, 2.13 g (15.9 mmol) of aluminum chloride 
are added quickly in small portions. The mixture is stirred and heated at an external temperature of 145°C for 5.5 hours. 
After sitting overnight at room temperature, 200 mL of 2 N hydrochloric acid are added and the mixture is refluxed for 
three hours. After cooling to room temperature, a portion of ethyl acetate is added and the layers are separated. The 
aqueous layer is extracted twice more with ethyl acetate and the combined organic layers are washed once with brine 

20 and are dried over anhydrous magnesium sulfate. Following filtration, the solvent is removed under reduced pressure 
to yield 7.10 g of a yellow solid. The crude solid is recrystallized from 3:1 heptane:ethyl acetate to afford 2.21 g of the 
title compound as a yellow solid; mp 1 93-1 95°C. 

1 H nmr (CDCI 3 ) and mass spectra are consistent with the desired compound; UV X max (ethyl acetate) 288; 348 nm 
(e 40,400; 18,300). 

25 



Analysis: 


Calcd for CayHgyNaC^: 
Found: 


C, 76.2; 
C, 76.2; 


H, 6.4; 
H, 6.4; 


N, 9.9. 
N, 10.1. 



30 

Example 5 

2-[2,4-Dihydroxy-5-(1,1-dimethylethyl)phenyl]-4,6-bis-(2,4-dimethylphenyl)-s-triazine 

35 To a 250 mL round-bottomed flask equipped with a magnetic stirrer, condenser, and a nitrogen atmosphere are 

charged 440 mg (1 . 1 1 mmol) of 2-(2,4-dihydroxyphenyl)-4,6-bis- (2,4-dimethylphenyl)-s-triazine, 2 mL of diisobutylene, 
and 6 mLof methanesulfonic acid. The mixture is stirred at an external temperature of 75°C for three hours. The mixture 
is allowed to cool to room temperature, and equal portions of ethyl acetate and water are added. The layers are separated 
and the organic layer is washed once with water, twice with saturated sodium bicarbonate solution, once with brine and 

40 is dried over anhydrous magnesium sulfate. Following filtration, the solvent is removed under reduced pressure to yield 
1 .28 g of yellow solid. The crude solid is purified with medium pressure chromatography with 3:1 heptane:ethyl acetate 
to afford 59 mg of the title compound as a yellow solid. 

1 H nmr (CDCI 3 ) and mass spectra are consistent with the desired compound; UV \ max (ethyl acetate) 290; 346 nm 
(e29,400; 16,600). 

45 

Example 6 

2-[2,4-Dihydroxy-5-(1-methyl-1-phenylethyl)phenyl]-4,6-bis-(2,4-dimethylphenyl)-s-triazine 

so To a 1 L three-necked, round-bottomed flask equipped with a magnetic stirrer, condenser, dropping funnel, ther- 

mometer, and a nitrogen atmosphere are charged 15.0 g (37.8 mmol) of 2-(2,4-dihydroxyphenyl)-4,6-bis-(2,4-dimeth- 
ylphenyl)-s-triazine and 390 mg of aluminum isopropoxide. The mixture is heated to 175°C and 4.47 g (37.9 mmol) of 
a-methylstyrene are added dropwise at a rate of one drop every two seconds. A total of six equivalents of a-methyl 
styrene are added in this fashion over a 4.5 hour period. After cooling to room temperature, the mixture is diluted with 

55 ethyl acetate, washed twice with water and once with brine, and is dried over anhydrous magnesium sulfate. Following 
filtration, the solvent is removed under reduced pressure to yield a yellow solid. The crude product is purified with medium 

* Dodecyl is used in the context of this invention as a mixture of glycidyl dodecyl ether, glycidyl tetradecyl ether, and several other long chain glycidyl 
ethers and is derived from "Epoxide 8" which is a mixture of said glycidyl ethers available from Ciba-Geigy Corporation. 
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pressure chromatography with 12% ethyl acetate/heptane to afford 1 3.2 g of the title compound as a yellow solid; mp 
168-170°C. 

1 H nmr (CDCI 3 ) spectrum is consistent with the desired product; UV X max (ethyl acetate) 290; 347 nm (e 45,700; 
23,300). 

5 

Example 7 

4,6-Bis-(2,4-dimethylphenyl)-2-[2-hydroxy-4-(2-hydroxy-3-nonyloxypropoxy)-5-(1-methyl-1-phenylethyl)phenyl]-s-triazine 

10 Following the general procedure of Example 3, 4.59 g (8.91 mmol) of the product of Example 6, 3.10 g (1 6.9 mmol) 

of glycidyl nonyl* ether, and 510 mg of triphenylethylphosphonium iodide are reacted at 160°C for seven hours. The 
product is worked up as in Example 3 to afford 3.82 g of title compound as a waxy clear brown solid. 

1 H nmr (CDCI 3 ) and mass spectra are consistent with the desired product; UV X max (ethyl acetate) 291; 348 nm (e 
36,600; 19,000). 

15 

Example 8 

4,6-Bis-(2,4-dimethylphenyl)-2-[4-hexyloxy-2-hydroxy-5-(1-methyl-1-phenylethyl)phenyl] -s-triazine 

20 To a 500 mL three-necked, round-bottomed flask equipped with a magnetic stirrer, condenser, thermometer, and a 

nitrogen atmosphere are charged 5.50 g (10.7 mmol) of the product of Example 6 and 50 mLof N,N-dimethylformamide. 
After warming to form a homogeneous solution, 0.43 g (17.9 mmol) of sodium hydride and 2.26 g (10.7 mmol) of 1-io- 
dohexane are added. The mixture is stirred at 40°C for four hours. After cooling to room temperature, the mixture is 
poured into a beaker of water. Vacuum filtration affords 4.64 g of the title compound as a yellow solid; mp 111-115°C. 

25 1 H nmr (CDCI 3 ) and mass spectra are consistent with the desired product; UV X max (ethyl acetate) 290; 348 nm (e 

41,700; 22,300). 

Example 9 

30 2-[2,4-Dihydroxy-5-(1-methyl-1-phenylethyl)phenyl]-4,6-bis-phenyl-s-triazine 

To a 500 mL three-necked, round-bottomed flask equipped with a magnetic stirrer, dropping funnel, condenser, 
thermometer, and a nitrogen atmosphere are charged 5.00 g (1 4.7 mmol) of 2-(2,4-dihydroxyphenyl)-4,6-bis-phenyl-s-tri- 
azine and 300 mg of aluminum isopropoxide. The mixture is heated to 160°C and 17.3 g of a-methylstyrene are added 
35 all at once. After stirring at this temperature for 26 hours the mixture is allowed to cool and a portion of heptane is added. 
Vacuum filtration affords 4.45 g of the title compound as a yellow solid. 

1 H nmr (CDCI 3 ) and mass spectra are consistent with the desired product. 

Example 10 

40 

2-[2-Hydroxy-5-(1-methyl-1-phenylethyl)-4-octyloxyphenyl]-4,6-bis-phenyl-s-triazine 

To a 500 mL three-necked, round-bottomed flask equipped with a condenser, magnetic stirrer, thermometer, and a 
nitrogen atmosphere are charged 4.00 g (8.71 mmol) of the product of Example 9, 50 mL of N,N-dimethylformamide 

45 and 0.40 g (1 0 mmol) of sodium hydride (60 % in mineral oil). The mixture is heated to an external temperature of 50°C 
and 1.68 g (8.70 mmol) of 1-bromooctane are added. The mixture is stirred at this temperature for six hours and is 
allowed to cool to room temperature. The mixture is poured into a beaker of water which is extracted four times with 
chloroform. The combined chloroform layers are washed four times with water and dried over anhydrous magnesium 
sulfate and filtered. The solvent is removed under reduced pressure to afford a yellow oil. The crude product is purified 

so with medium pressure chromatography with 10:1 heptane:ethyl acetate followed by recrystallization from acetone/water 
to yield 1 . 12 g of the title compound as a yellow solid. 

1 H nmr (CDCI 3 ) and mass spectra are consistent with the desired compound; UV X max (ethyl acetate) 271 ; 351 nm 
(e 44,000; 24,000). 

55 

'Nonyl is used in the context of this invention as a mixture of glycidyl octyl ether, glycidyl decyl ether, and several other glycidyl ethers and is derived from 
"Epoxide 7" which is a mixture of said glycidyl ethers available from Ciba-Geigy Corporation. 
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Example 11 

2-(5-Chloro-2,4-dihydroxyphenyl)-4,6-bis-(2,4-dimethylphenyl)-s-triazine 

5 To a 1 L three-necked, round-bottomed flask equipped with a magnetic stirrer, thermometer, condenser, and a 

nitrogen atmosphere are charged 20.0 g (61 .9 mmol) of 2-chloro-4,6-bis-(2,4-dimethylphenyl)-s-triazine and 50 mL of 
tetrachloroethane. The mixture is warmed to dissolve the solids and 8.24 g (62.0 mmol) of aluminum chloride are added 
in small portions all at once followed by 9.00 g (62.1 mmol) of 4-chlororesorcinol. The mixture is stirred at 1 20°C for four 
hours. After cooling to room temperature 50 mL of water and 10 mL of concentrated hydrochloric acid are added and 

io the mixture is refluxed for two hours. After cooling, the mixture is extracted thrice with ethyl acetate and the combined 
organic layers are dried over anhydrous magnesium sulfate and filtered. The solvent is removed under reduced pressure 
to yield a yellow solid. Recrystallization from ethyl acetate/heptane affords 8.65 g of the title compound as a yellow solid. 

1 H nmr (CDCI 3 ) and mass spectra are consistent with the desired compound; UV X max (ethyl acetate) 248; 345 nm 
(e48,000; 19,000). 

15 

Example 12 

2-(2,4-Dihydroxy-5-propionylphenyl)-4,6-bis-(2,4-dimethylphenyl)-s-triazine 

20 To a 500 mL three-necked, round-bottomed flask equipped with a mechanical stirrer, condenser, and a nitrogen 

atmosphere are charged 5.33 g (13.0 mmol) of 2-(2,4-dihydroxyphenyl)-4,6-bis-(2,4-dimethylphenyl)-s-triazine and 20 
mL of tetrachloroethane. The mixture is warmed toan external temperature of 40°C and 4.33 g (32.5 mmol) of aluminum 
chloride are added quickly in small portions. A solution of 1.20 g (13.0 mmol) of propionyl chloride in 20 mL tetrachlo- 
roethane is added dropwise over 15 minutes. The mixture is stirred at an external temperature of 110°C for four hours. 

25 After cooling to room temperature, 50 mL of water and 6 mL of concentrated hydrochloric acid are added and the mixture 
is stirred with warming for two hours. A portion of ethyl acetate is added with warming to dissolve all of the solids. The 
layers are separated and the aqueous layer is extracted once more with ethyl acetate. The combined organic layers are 
dried over anhydrous magnesium sulfate and filtered. The product is allowed to crystallize and 2.14 g of the title com- 
pound is collected by vacuum filtration as a yellow solid. 

30 1 H nmr (CDCI 3 ), infrared and mass spectra are consistent with the desired compound; UV X max (ethyl acetate) 270; 

338 nm (e 49,500; 17,500). 

Example 13 

35 2-[2,4-Dihydroxy-5-(1-isobutylimino)propylphenyl]-4,6-bis-(2,4-dimethylphenyl)s-triazine 

The product of Example 1 2 (41 0 mg, 0.900 mmol) is dissolved in isobutylamine with warming. The solution is allowed 
to stand for one hour. A portion of water is added, the mixture is vacuum filtered and the precipitate is washed with ethyl 
acetate. The solid is air dried to yield 300 mg of the title compound as a yellow solid. 
40 1 H nmr (CDCI 3 ) and mass spectra are consistent with the desired compound; UV X max (ethyl acetate) 276; 348 nm 

(e 28,700; 16,100). 

Example 14 

45 2-[2,4-Dihydroxy-5-(1-isobutylamino)propylphenyl]-4,6-bis-(2,4-dimethylphenyl)-s-triazine 

To a 100 mL round -bottomed flask equipped with a magnetic stirrer are charged 67 mg (0.13 mmol) of the product 
of Example 1 3, 4 mL of acetic acid, and 50 mg of sodium borohydride. The mixture is stirred for one hour. Portions of 
ethyl acetate and water are added and the layers are separated. The organic layer is washed twice with water, twice 
so with saturated sodium bicarbonate solution, once with brine, and is dried over anhydrous magnesium sulfate. Following 
filtration, the solvent is removed under reduced pressure to yield 73 mg of the title compound as a clear yellow oil. 

1 H nmr (CDCI 3 ), infrared and mass spectra are consistent with the desired compound; UV X max (ethyl acetate) 288; 
348 nm (e 28,900; 17,500). 

55 Examples 15-18 

Following the general procedure of Example 1, 4 or 11, the substituted s-triazine compounds indicated below are 
prepared. 
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Ex 


2-(2,4-dihydroxy-5- ) 


4,6-di- 


15 


methyl 


xylyl 


16 


methyl 


phenyl 


17 


ethyl 


phenyl 


18 


chloro 


xylyl 



Example 1 9 

10 

2-(2,4-Dihydroxy-5-hexylphenyl)-4,6-diphenyl-s-triazine 

To a 350 mL sulfonation flask equipped with a mechanical stirrer, condenser and a nitrogen atmosphere are charged 
21 .4 g (80 mmol) of 2-chloro-4,6-diphenyl-s-triazine, and 100 mL of xylene (mixture of isomers). To the beige suspension 

is are added 11 .3 g (85 mmol) of aluminum chloride in one portion. The mixture is warmed to ca. 80°C for 45 minutes. 
1 8.8 g (96 mmol) of 4-hexylresorcinol are then added in five portions over 40 minutes to the now homogeneous solution. 
The reaction mixture is heated at 90°C for 24 hours. After cooling to room temperature, the contents of the flask are 
poured into 1 00 mL of 1 2% aqueous hydrochloric acid. The precipitate formed is removed by filtration, washed to pH 7 
with water, rinsed with methanol and dried at 70°C under vacuum. The title compound is obtained as a crude orange 

20 product (29.2 g) and melts at 209-21 3°C. It can be used without further purification. 

Examples 20-24 

Following the general procedure of Example 5, 6 or 9, the substituted s-triazine compounds indicated below are 
25 prepared. 

Ex_ 2-(2.4-dihvdroxv-5 - ) 4.6-di- 
30 20 tert-butyl phenyl 



35 


21 


dodecyl 


phenyl 




22 


dodecyl 


xylyl 


40 


23 


octyL 


xylyl 




24 


octyl 


phenyl 



45 

Examples 25-33 

Following the general procedure of Example 2, 3 or 7, the substituted s-triazine compounds indicated below are 
prepared. 

50 



55 
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5 



Ex 


2-(2-hydroxy- ) 


4,6-di- 


25 


5-hexyl-4-OC H 2 CHOHCH 2 OC 9 H 1 9 


xylyl 


26 


5-a-cumyl-4-OCH 2 CHOHCH 2 OC 6 H 5 


xylyl 


27 


5-o-cumyl-4-OCH 2 CHOHCH 2 OC 6 H s 


phenyl 


28 


5-a-cumyl-4-OCH 2 CHOHCH 2 OC l2 H 25 


xylyl 


29 


5-hexyl-4-OCH 2 CHOHCH 2 OC 6 H 5 


phenyl 


30 


5-hexyl-4-OCH 2 CHOHCH 2 OC 9 H 19 


phenyl 


31 


5-hexyl-4-OCH 2 CHOHCH 2 OC 1 2 H 2S 


phenyl 


32 


S-a-cumyM-OCHgCHOHCHaOC! 2 H 25 


phenyl 


33 


5-a-cumyl-4-OCH 2 CHOHCH 2 OC 9 H 1 9 


phenyl 



Example 34 

75 

4,6-Diphenyl-2-(5-hexyl-4-hexyloxy-2-hydroxyphenyl)-s-tria2ine 

To a 350 mL sulfonation flask equipped with a mechanical stirrer, condenser, dropping funnel and a nitrogen atmos- 
phere are charged 20.0 g (47 mmol) of the product of Example 19, 6.5 g (47 mmol) of potassium carbonate, 50 mg of 

20 potassium iodide, and 50 mL of 2-ethoxyethanol. The suspension is warmed to 110°C, and 8.5 g (51 mmol) of 1-bro- 
mohexane are added dropwise over 30 minutes. After 22 hours, the reaction mixture is cooled to room temperature, the 
precipitate is removed by filtration, washed with water to pH 6, rinsed with methanol and dried at 70°C under vacuum. 
The crude yellow product (19 g) is recrystallized twice from 100 mL of 2-ethoxyethanol to give the title compound in a 
yield of 15.6 mg as a yellow solid melting at 140-141°C, purity 98.8% (DSC assay). 

25 1H nmr (CDCI 3 ) spectrum is consistent with the desired product; UV X max (chloroform) 273; 355 nm (e 42,000; 

20,000) 





Analysis: 


30 


Calcd for C 3 3H3 g N 3 0 2 : 


C, 77.8; 


H, 7.7; 


N, 8.2. 




Found: 


C, 77.6; 


H, 7.9; 


N, 8.2. 



Example 35 



as 4,6-Bis(2,4-dimethylphenyl)-2-(5-hexyl-4-hexyloxy-2-hydroxyphenyl)-s-triazine 

To a 200 mL sulfonation flask equipped with a mechanical stirrer, condenser, dropping funnel and a nitrogen atmos- 
phere are charged 14.5 g (30 mmol) of the product of Example 1, 4.6 g (33 mmol) of potassium carbonate, 50 mg of 
potassium iodide, and 60 mL of 2-ethoxyethanol. The suspension is warmed to 110 o C, and 5.5 g (33 mmol) of 1-bro- 

40 mohexane are added dropwise over 20 minutes. After 1 6 hours, another portion of 1 -bromohexane (5.5 g, 33 mmol) is 
added and heating is continued for another eight hours. The reaction mixture is cooled to room temperature, the pre- 
cipitate is removed by filtration, washed with water to pH 6, rinsed with methanol and dried at 10"C under vacuum. The 
crude yellow product (1 3.9 g) is recrystallized twice from 300 mL of 2-ethoxyethanol to give the title compound in a yield 
of 10.7 g as a yellow solid melting at 78-80°C, purity 99.1% (DSC assay). 

45 1 H nmr (CDCI 3 ) spectrum is consistent with the desired product; UV X max (chloroform) 293; 353 nm (e 42,000; 

21,000) 





Analysis: 


50 


Calcd for C 37 H 47 N 3 0 2 : 


C, 78.5; 


H, 8.4; 


N, 7.4. 


Found: 


C, 78.0; 


H, 8.3; 


N, 7.4. 



Examples 36-45 



55 Following the general procedure of Example 8 or 10, the substituted s-triazine compounds indicated below are 

prepared. 
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tx 


2-(2-hydroxy- ) 


4,o-ai- 


36 


5-hexyl-4-dodecyloxy 


xylyl 


37 


5-hexyl-4-dodecyloxy 


phenyl 


38 


5-hexyl-4-octyloxy 


xylyl 


39 


5-hexyl-4-octadecyloxy 


phenyl 


40 


5-hexyl-4-octadecyloxy 


xylyl 


41 


5-a-cumyl-4-dodecyloxy 


phenyl 


42 


5-a-cumyl-4-dodecyloxy 


xylyl 


43 


5-a-cumyl-4-octyloxy 


xylyl 


44 


5-a-cumyl-4-octadecyloxy 


phenyl 


45 


5-a-cumyl-4-octadecyloxy 


xylyl 



Example 46 

4,6-Bis-(2,4-dimethylphenyl)-2-[2,4-dihydroxy-5-(1-hydroxypropyl)phenyl]-s-triazine 

20 To a 500 mL 3-necked, round-bottomed flask equipped with a condenser, magnetic stirrer, thermometer, dropping 

funnel, and a nitrogen atmosphere are charged 25 mL of tetrahydrofuran and 0.89 g (24 mmol) of lithium aluminum 
hydride. A solution of 2.00 g (4.42 mmol) of the product of Example 1 2 in 250 mL of tetrahydrofuran is added dropwise 
over 30 minutes to the stirred suspension. The mixture is stirred at room temperature for 3.5 hours and the excess 
lithium aluminum hydride is quenched with portions of ethyl acetate followed by water. Anhydrous magnesium sulfate 

2S is added, the mixture is filtered, and the solvent is removed under reduced pressure. The crude product is purified with 
flash chromatography with 3:1 heptane: ethyl acetate to afford 0.27 g of the title compound as a yellow solid. 

1 H nmr (CDCI 3 ) and mass spectra are consistent with the desired compound; UV X max (ethyl acetate) 289; 344 nm 
(e 45,000; 18,700). 

30 Example 47 

2-(5-Benzoyl-2,4-dihydroxyphenyl)-4,6-bis-(2,4-dimethylphenyl)-s-triazine 

To a 500 mL three-necked, round-bottomed flask equipped with a mechanical stirrer, condenser, dropping funnel, 
35 and a nitrogen atmosphere are charged 5.57 g (14.0 mmol) of 2-(2,4-dihydroxyphenyl)-4,6-bis-(2,4-dimethylphenyl) 
-s-triazine and 25 mL of tetrachloroethane. The mixture is warmed to an external temperature of 90°C and 2.88 g (20.5 
mmol) of benzoyl chloride in 20 mL of tetrachloroethane are added dropwise over 45 minutes. The mixture is stirred at 
an external temperature of 145°C for six hours and is allowed to sit at room temperature overnight. Fifty mL of water 
and 5 mL of concentrated hydrochloric acid are added and the mixture is stirred with warming for three hours. A portion 
40 of ethyl acetate is added and the mixture is warmed to dissolve any organic solids. The layers are separated, the aqueous 
layer is washed with ethyl acetate and the combined organic layers are dried over anhydrous magnesium sulfate and 
filtered. The product is allowed to crystallize from solution and 3.55 g of the title compound (off-white needles) are 
collected by vacuum filtration. 

1 H nmr (CDCI 3 ) and mass spectra are consistent with the desired compound; UV X max (ethyl acetate) 282; 340 nm 
45 (e61,400; 15,600). 

Example 48 

4,6-Bis-(2,4-dimethylphenyl)-2-[2,4-dihydroxy-5-(a-hydroxybenzyl)phenyl]-s-triazine 

so 

To a 300 mL 3-necked, round-bottomed flask equipped with a dropping funnel, condenser, magnetic stirrer, and a 
nitrogen atmosphere are charged 20 mL of tetrahydrofuran and 0.26 g (6.8 mmol) of lithium aluminum hydride. A solution 
of 0.50 g (1 .0 mmol) of the product of Example 47 in 30 mL of tetrahydrofuran is added over ten minutes to the stirred 
suspension. The mixture is refluxed for two hours and is allowed to cool to room temperature. Excess lithium aluminum 
55 hydride is quenched with portions of ethyl acetate followed by water. Anhydrous magnesium sulfate is added, the mixture 
is filtered, and the solvent is removed under vacuum to afford 0.35 g of the title compound as a yellow solid. 

1 H nmr (CDCI 3 ) and mass spectra are consistent with the title compound; UV X max (ethyl acetate) 288; 343 nm (e 
32,400; 13,500). 
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Example 49 

2-(2,4-Dihydroxy-5-phenylthiophenyl)-4,6-bis-(2,4-dimethylphenyl)-s-triazine 

s To a 500 mL 3-necked, round-bottomed flask equipped with a magnetic stirrer, condenser, thermometer, and a 

nitrogen atmosphere are charged 1 .30 g (3.0 mmol) of the product of Example 1 1 , 5 mL of N-methylpyrrolidinone, and 
0.51 g (9. 1 mmol) of potassium hydroxide. The mixture is stirred and heated to 1 40°C and 0.33 g (3.0 mmol) of thiophenol 
is added all at once. After 15 hours the mixture is allowed to cool to room temperature. A portion of 10% aqueous 
hydrochloric acid is added with stirring. The mixture is filtered and the solids are washed with water followed by heptane. 

10 The crude product is recrystallized from ethyl acetate to afford 0.56 g of the title compound as an off-white solid. 

1 H nmr (CDCI 3 ) and mass spectra are consistent with the desired compound; UV X max (ethyl acetate) 289; 339 nm 
(e 51,000; 18,000). 

Example 50 

is 

2-(2,4-Dihydroxy-5-phenylsulfinylphenyl)-4,6-bis-(2,4-dimethylphenyl)-s-triazine 

To a 250 mL 3-necked, round-bottomed flask equipped with a condenser, magnetic stirrer, thermometer, and a 
nitrogen atmosphere are charged 0.25 g (0.49 mmol) of the product of Example 49, 0.059 g (0.98 mmol) of acetic acid, 

20 and 20 mL of 2-propanol. The mixture is heated to reflux and 0.067 g (1 .0 mmol) of 50% hydrogen peroxide are added. 
The mixture is refluxed for one hour and is allowed to cool to room temperature. A portion of ethyl acetate is added and 
the organic layer is washed twice with 10% aqueous sodium metabisulfite, twice with saturated sodium bicarbonate, 
once with brine, and is dried over anhydrous magnesium sulfate. After filtering, the solvent is removed under reduced 
pressure to yield a yellow solid. Purification by flash chromatography with 3:1 heptane:ethyl acetate yields 0.11 gofthe 

25 title compound as a yellow solid. 

1 H nmr ( 1 ,1 ,2,2-tetrachloroethane-d 2 ) spectrum is consistent with the desired compound; UV X max (tetrahydrof uran) 
279; 373 nm (e 23,000; 23,000). 

Example 51 

30 

2-(2,4-Dihydroxy-5-phenylsulfonylphenyl)-4,6-bis-(2,4-dimethylphenyl)-s-triazine 

To a 250 mL 3-necked, round-bottomed flask equipped with a magnetic stirrer, condenser, thermometer, and a 
nitrogen atmosphere are charged 0.27 g (0.54 mmol) of the compound of Example 50, 0.80 g (1 .3 mmol) of acetic acid, 

35 0.10 g (1.0 mmol) of sulfuric acid, and 20 mLof 2-propanol. The mixture is heated to reflux and 0.077 g (1.1 mmol) of 
50% hydrogen peroxide are added. After five hours, the mixture is allowed to cool to room temperature and a portion 
of ethyl acetate is added. The organic layer is washed twice with 1 0% aqueous sodium metabisulfite, twice with saturated 
sodium bicarbonate, once with brine, and is dried over anhydrous magnesium sulfate. After filtering, the solvent is re- 
moved under reduced pressure to afford a yellow solid. Purification with flash chromatography with 1:3 heptane:ethyl 

40 acetate affords 0. 1 1 g of the title compound as a yellow solid. 

1 H nmr (tetrahydrof uran-d 8 ) and mass spectra are consistent with the desired compound; UV X max (ethyl acetate) 
276; 377 nm (e 30,000; 31 ,000). 



Examples 52-53 

45 

Using the general procedures of Examples 5, 6 and 9, the following compounds of formula IV are prepared. 





EX 


X,X,Y,Y' 


R 2 and R 2 ' 


L 


50 


52 


xylyl 


hydrogen 


1 -(2,2-isopropylidene)-4-methyl-1 ,4-cyclohexylene 




53 


xylyl 


octyl 


a,a,a',a'-tetramethyl-m-xylylene 



Example 54 



55 2-(5-Chloro-2,4-dihydroxyphenyl)-4,6-diphenyl-s-triazine 

To a 350 mL suffonation flask equipped with a mechanical stirrer, condenser and a nitrogen atmosphere are charged 
26.8 g (1 00 mmol) of 2-chloro-4,6-diphenyl-s-triazine, and 1 00 mLof xylene (mixture of isomers). To the beige suspension 
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are added 14.9 g (112 mmol) of aluminum chloride in one portion. The mixture is warmed to ca. 80°C for 2 hours. 17.4 
g (120 mmol) of 4-chlororesorcinol are then added in five portions over 40 minutes to the now homogeneous solution. 
The reaction mixture is heated at 90°C for 42 hours and refluxed for another 24 hours. After cooling to room temperature, 
the contents of the flask are poured into 100 mL of 12% aqueous hydrochloric acid. The precipitate formed is removed 
s by filtration, washed to pH 7 with water, rinsed with methanol and dried at 70°C under vacuum. The title compound is 
obtained as a crude ocher-red product (29.5 g) and melts at 255-265° C. It can be used without further purification. 

Example 55 

10 4,6-Diphenyl-2-(5-chloro-4-hexyloxy-2-hydroxyphenyl)-s-triazine 

To a 350 mL sulfonation flask equipped with a mechanical stirrer, condenser, dropping funnel and a nitrogen atmos- 
phere are charged 26.3 g (70 mmol) of the product of Example 54, 10.6 g (77 mmol) of potassium carbonate, 50 mg of 
potassium iodide, and 50 mL of 2-ethoxyethanol. The suspension is warmed to 110°C, and 10.8 g (77 mmol) of 1-bro- 
is mohexane are added dropwise over 30 minutes. After 8 hours, the reaction mixture is cooled to room temperature, the 
precipitate is removed by filtration, washed with water to pH 6, rinsed with methanol and dried at 70°C under vacuum. 
The crude beige product (26.9 g) is recrystallized twice from 600 mL of 2-ethoxyethanol to give the title compound in a 
yield of 18.6 gas a yellow solid melting at 147-149°C, purity 98.7% (DSC assay). 

1 H nmr (CDCI 3 ) spectrum is consistent with the desired product; UV X. max (chloroform) 281; 351 nm (e 45,000; 
20 18,400) 

Example 56 

4,6-Diphenyl-2-(5-hexyl-4-methoxy-2-hydroxyphenyl)-s-triazine 

25 

To a 350 mL sulfonation flask equipped with a mechanical stirrer, condenser, dropping funnel and a nitrogen atmos- 
phere are charged 20.0 g (47 mmol) of the product of Example 19, 7.2 g (52 mmol) of potassium carbonate and 100 
mL of 2-ethoxyethanol. The suspension is warmed to 50°C, and 1 3.3 g (94 mmol) of methyl iodide are added dropwise 
over 45 minutes. After 14 hours, the reaction mixture is cooled to room temperature, the precipitate is removed by 
30 filtration, washed with water to pH 6, rinsed with methanol and dried at 70°C under vacuum. The crude yellow product 
(1 6.1 g) is recrystallized thrice from 2-ethoxyethanol to give the title compound in a yield of 9.8 g as a yellow solid melting 
at 186-188°C, purity 94.1% (DSC assay). 

1 H nmr (CDCI 3 ) spectrum is consistent with the desired product; UV X max (chloroform) 275; 354 nm (e 41,900; 
18,500) 

35 



Analysis: 


Calcd for C 28 H 29 N 3 02: 
Found: 


C, 76.5; 
C, 75.3; 


H, 6.7; 
H, 6.8; 


N, 9.6. 
N, 9.4. 



40 

Example 57 

2-[4-(3-Butyloxy-2-hydroxypropoxy)-5-hexyl-2-hydroxyphenyl]-4,6-diphenyl-s-triazine 

45 To a 350 mL sulfonation flask equipped with a mechanical stirrer, condenser, and a nitrogen atmosphere are charged 

8.5 g (20 mmol) of the product of Example 19, 0.4 g (1 mmol) of triphenylethylphosphonium bromide, 3.0 g (22 mmol) 
of butyl glycidyl ether and 50 mL of xylene (mixture of isomers). The thick orange suspension is refluxed for 24 hours. 
The reaction mixture is then cooled to room temperature, the precipitate is removed by filtration, washed with a small 
amount of xylene, rinsed with methanol and dried at 70°C under vacuum. The crude yellow product (9.0 g) is recrystal- 

50 lized twice from 20 mL of 2-ethoxyethanol to give the title compound in a yield of 6.0 g as a yellow solid melting at 
145-146^, purity 98.2% (DSC assay). 

1 H nmr (CDCI 3 ) spectrum is consistent with the desired product; UV X max (chloroform) 275; 354 nm (e 43,000; 
19,000) 



55 


Analysis 




Calcd for C 34 H 41 N 3 04: 


C, 73.5; 


H, 7.4; 


N, 7.6. 




Found: 


C, 73.6; 


H, 7.5; 


N, 7.5. 
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Example 58 

2-(2,4-Dihydroxy-5-hexylphenyl)-4,6-bis(4-methylphenyl)-s-triazine 

s To a 350 mL sulfonation flask equipped with a mechanical stirrer, condenser and a nitrogen atmosphere are charged 

29.6 g (100 mmol) of 2-chloro-4,6-bis(4-methylphenyl)-s-triazine, and 100 mL of xylene (mixture of isomers). To the 
beige suspension are added 11 .3 g (85 mmol) of aluminum chloride in one portion. The mixture is warmed to ca. 90°C 
for 75 minutes. 21.4 g (110 mmol) of 4-hexylresorcinol are then added in five portions over 45 minutes to the now 
homogeneous solution. The reaction mixture is heated at 90°C for 18 hours. After cooling to room temperature, the 

10 contents of the flask are poured into 120 mL of 6% aqueous hydrochloric acid. The precipitate formed is removed by 
filtration, washed to pH 7 with water, rinsed with methanol and dried at 70°C under vacuum. The title compound is 
obtained as a crude orange product (43.1 g) and melts at 228-231 °C. It can be used without further purification. 

Example 59 

15 

4,6-Bis(4-methylphenyl)-2-(5-hexyl-4-hexyloxy-2-hydroxyphenyl)-s-triazine 

To a 200 mL sulfonation flask equipped with a mechanical stirrer, condenser, dropping funnel and a nitrogen atmos- 
phere are charged 13.6 g (30 mmol) of the product of Example 58, 4.6 g (33 mmol) of potassium carbonate, 50 mg of 

20 potassium iodide, and 70 mL of 2-ethoxyethanol. The suspension is warmed to 110°C, and 5.5 g (33 mmol) of 1-bro- 
mohexane are added dropwise over 30 minutes. After 20 hours, another portion of 1 -bromohexane (5.5 g, 33 mmol) is 
added and heating is continued for another 25 hours. The reaction mixture is cooled to room temperature, the precipitate 
is removed by filtration, washed with water to pH 6, rinsed with methanol and dried at 70°C under vacuum. The crude 
yellow product (13.6 g) is recrystallized from 350 mL of 2-ethoxyethanol to give the title compound in a yield of 10.6 g 

25 as a yellow solid melting at 1 37-1 38° C, purity 96.9% (DSC assay). 

1 H nmr (CDCI 3 ) spectrum is consistent with the desired product; UV X mgx (chloroform) 293; 354 nm (e 56,000; 
21,500) 



Analysis: 


Calcd for C 35 H 4 3N 3 02: 
Found: 


C, 78.2; 
C, 77.5; 


H, 8.1; 
H, 8.2; 


N, 7.8. 
N, 7.8. 



Example 60 

35 

2-[4-(3-Butyloxy-2-hydroxypropoxy)-5-hexyl-2-hydroxyphenyl]-4,6-bis(4-methylphenyl)-s-triazine 

To a 350 mL sulfonation flask equipped with a mechanical stirrer, condenser, and a nitrogen atmosphere are charged 
13.6 g (30 mmol) of the product of Example 58, 0.6 g (1 .5 mmol) of triphenylethylphosphonium bromide, 4.5 g (33 mmol) 
40 of butyl glycidyl ether and 40 mL of xylene (mixture of isomers). The thick orange suspension is refluxed for 21 hours. 
The reaction mixture is then cooled to room temperature, the precipitate is removed by filtration, washed with water, 
rinsed with methanol and dried at 70°C under vacuum. The crude yellow product (14 g) is recrystallized twice from 50 
mLof 2-ethoxyethanol to give the title compound in a yield of 9.3 g as a yellow solid melting at 163-164°C, purity 98.8% 
(DSC assay). 

45 1 H nmr (CDCI 3 ) spectrum is consistent with the desired product; UV X max (chloroform) 293; 351 nm (e 59,000; 

20,000) 





Analysis: 


50 


Calcd for C 36 H 45 N 3 0 4 : 


C, 74.1; 


H, 7.8; 


N, 7.2. 


Found: 


C, 73.4; 


H, 7.8; 


N, 7.1. 



Example 61 



S5 2-[4-(3-Butyloxy-2-hydroxypropoxy)-5-hexyl-2-hydroxyphenyl]-4,6-bis(2,4-dimethylphenyl)-s-triazine 

To a 350 mL sulfonation flask equipped with a mechanical stirrer, condenser, and a nitrogen atmosphere are charged 
1 4.4 g (30 mmol) of the product of Example 1 , 0.6 g (1 .5 mmol) of triphenylethylphosphonium bromide, 4.5 g (33 mmol) 
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of butyl glycidyl ether and 40 mL of xylene (mixture of isomers). The thick orange suspension is refluxed for 24 hours. 
The reaction mixture is then cooled to room temperature, the precipitate is removed by filtration, washed with water, 
rinsed with methanol and dried at 70°C under vacuum. The filtrate is concentrated on a rotary evaporator to yield a 
second crop of crude product. The combined solids (14.9 g) are recrystallized from 45 mL of 2-ethoxyethanol to give 
the title compound in a yield of 9.0 g as a yellow solid melting at 101 -102°C, purity 97.3% (DSC assay). 

1 H nmr (CDCI 3 ) spectrum is consistent with the desired product; UV X max (chloroform) 292; 350 nm (e 49,000; 
21,000) 



Analysis: 


Calcd for C 38 H 49 N 3 0 4 : 
Found: 


C, 74.6; 
C, 74.5; 


H, 8.1; 
H, 8.0; 


N, 6.9. 
N, 6.9. 



Example 62 

2,4-Bis(2,4-dihydroxy-5-hexylphenyl)-6-phenyl-s-triazine 

To a 750 mL sulfonation flask equipped with a mechanical stirrer, condenser, dropping funnel and a nitrogen atmos- 
phere are charged 34.0 g (150 mmol) of 2,4-dichloro-6-phenyl-s-triazine, 44.0 g (330 mmol) of aluminum chloride and 
100 mL of ligroin (boiling range 110-140°C). To that suspension, 60 mL of sulfolane are added dropwise with stirring 
over a 15 minute period with the temperature rising to 50°C. A solution of 62.1 g (320 mmol) of 4-hexylresorcinol in 60 
mL of sulfolane is then added dropwise over a 15 minute period. The temperature rises to 60°Cand hydrogen chloride 
is evolved. The reaction mixture is heated to 80°C for four hours. The lower layer of the two-phase mixture is poured 
into a solution of 50 mL of concentrated hydrochloric acid in 500 mL of methanol and 300 mL of water. The mixture is 
stirred at room temperature for 14 hours. The product obtained is suspended in 800 mL of water at 80°C for 1 hour, is 
isolated by filtration and resuspended under the same conditions, finally isolated and dried at 85°C under vacuum. The 
title compound is obtained as a crude orange product (77.0 g) and melts at 230-238°C. It can be used without further 
purification. 

1 H nmr (DMSO-d s ) spectrum is consistent with the desired product. 



Analysis: 


Calcd for C 3 3H3 9 N30 4 : 
Found: 


C, 73.2; 
C, 73.2; 


H, 7.3; 
H, 7.3; 


N, 7.8. 
N, 7.6. 



Example 63 

2,4-Bis[4-(3-butyloxy-2-hydroxypropoxy)-5-hexyl-2-hydroxyphenyl]-6-phenyl-s-triazine 

To a 350 mL sulfonation flask equipped with a mechanical stirrer, condenser, and a nitrogen atmosphere are charged 
16.2 g (30 mmol) of the product of Example 62, 1 .1 g (3 mmol) of triphenylethylphosphonium bromide, 8.6 g (66 mmol) 
of butyl glycidyl ether and 120 mLof mesitylene. The thick orange suspension is heated at 130°C for 18 hours to form 
a brown solution. The solvent is removed using a rotary evaporator. The crude product is dissolved in 100 mL of ethyl 
acetate. The solution is filtered through a pad of 230-400 mesh silica (100 g, 10 cm diameter) using 1000 mL of ethyl 
acetate as eluent. After evaporation of the solvent, the yellow resin (25.9 g) is redissolved in 50 mL of ethyl acetate and 
precipitated with 150 mL of hexane to give 20 g of product. This material is recrystallized from 70 mL of ethyl acetate 
and dried at 75°C under vacuum to give the 1 5.9 g of the title compound as a resinous orange solid melting at 1 08-1 1 5°C. 

1 H nmr (CDCI 3 ) spectrum is consistent with the desired product; UV X max (chloroform) 298; 369 nm (e 37,000; 
38,000) 



Analysis: 


Calcd for C 47 H 67 N 3 0 8 : 
Found: 


C, 70.4; 
C, 70.2; 


H, 8.4; 
H, 8.4; 


N, 5.2. 
N, 5.1. 
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Example 64 

2,4-Bis{5-hexyl-4-hexyloxy-2-hydroxyphenyl)-6-phenyl-s-triazine 

To a 350 mL sulfonation flask equipped with a mechanical stirrer, condenser, dropping funnel and a nitrogen atmos- 
phere are charged 16.2 g (30 mmol) of the product of Example 62, 3.7 g (66 mmol) of powdered potassium hydroxide 
and 100 mL of 2-ethoxyethanol. To the resulting red solution are then added 10.9 g (66 mmol) of 1 -bromohexane are 
added dropwise over 30 minutes. The mixture is heated to 90°C for 20 hours and filtered hot. The filtrate is warmed to 
100°C and 1 mL of acetic acid is added. The solution is cooled to 0"C to give a precipitate. The crude yellow product 
is recrystallized from 70 mL of 2-ethoxyethanol to give the title compound in a yield of 13.1 g as a yellow solid melting 
at 118-121°C. 

1 H nmr (CDCI 3 ) spectrum is consistent with the desired product; UV X max (chloroform) 301; 371 nm (e 33,000; 
40,000) 



15 


Analysis: 




Calcd for C 45 H 63 N 3 0 4 : 


C.76.1; 


H, 8.9; 


N, 5.9. 




Found: 


C, 76.2; 


H, 8.9; 


N, 5.9. 



20 Example 65 



2-[2,4-Dihydroxy-5-(1-propenyl)phenyl]-4,6-bis-(2,4-dimethylphenyl)-s-triazine 

To a 100 mL round-bottomed, three-necked flask equipped with a magnetic stirrer, condenser, dropping funnel and 
25 a nitrogen atomosphere are charged 410 mg (10.0 mmol) of sodium borohydride and 30 mL of anhydrous ethanol. A 
solution of 500 mg (1.1 mmol) of the product of Example 12 in 10 mL of ethanol is added dropwise over a 35 minute 
period. The mixture is heated to 68°C and stirred for three hours. The mixture is allowed to cool to room temperature 
and is quenched with 10 mL of 2M hydrochloric acid. A portion of ethyl acetate is added and the layers separated. The 
organic layer is dried over anhydrous magnesium sulfate, filtered and the solvent removed under reduced pressure. 
30 The crude product is purified with medium pressure chromatography with 3: 1 heptane:ethyl acetate to afford 34 mg of 
the title compound as a yellow solid. 

1 H nmr (CDCI 3 ), infrared and mass spectra are consistent with the desired compound; UV X max (ethyl acetate) 286; 
352 nm (e 44,000; 12,500). 

35 Example 66 

1,3-Bis{1-[2,4-dihydroxy-5-(3,5-bis(2,4-dimethylphenyl-s-triazinyl))phenyl]-1-methylethyl}benzene 

To a 500 mL three-necked, round-bottomed flask equipped with a magnetic stirrer, condenser, thermometer and a 
40 nitrogen atmosphere are charged 5.0 g (12.6 mmol) of 2-(2,4-dihydroxyphenyl)-4,6-(2,4-dimethylphenyl)-s-triazine and 
130 mg of aluminum isopropoxide. The mixture is heated to 185°C and 1.0 g (6.3 mmol) of 1 ,3-diisopropenylbenzene 
are added all at once. The temperature is lowered to 1 32° C and the mixture is stirred for six hours. After cooling to room 
temperature, the mixture is diluted with ethyl acetate, washed twice with water and once with brine. The organic layer 
is dried over anhydrous magnesium sulfate and filtered. The organic solvent is removed under reduced pressure. The 
45 crude product is purified with medium pressure chromatography using 1 2% ethyl acetate/heptane to afford 0.42 g of the 
title compound as a yellow solid. 

1 H nmr (CDCI 3 ) and mass spectra are consistent with the desired compound; UV X^^ (ethyl acetate) 289; 347 nm 
(e 73,000; 35,000). 

so Example 67 

Mixture of Methylene-Bis-2-(2-hydroxy-4-octyloxyphenyl)-4,6-(2,4-dimethylphenyl)-s-triazine; bridged in the 3:5, 5:5 and 
3:3 positions in a 5:4:1 ratio 

55 To a 250 mL round-bottomed flask equipped with a condenser, magnetic stirrer and a nitrogen atmosphere are 

charged 9.37 g (18.4 mmol) of 2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis-(2,4-dimethylphenyl)-s-triazine, 12 mL of di- 
ethoxymethane, 200 mg of p-toluenesulfonic acid and 50 mL of dioxane. The mixture is stirred at 90°C for 28 hours, 
ans is then allowed to cool to room temperature and diluted with a portion of ethyl acetate. The mixture is washed three 
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times with water, three times with saturated sodium bicarbonate solution and then with brine. The organic layer is dried 
over anhydrous magnesium sulfate and filtered. The organic solvent is removed under reduced pressure to afford 10.1 
g of an orange glass. The crude product is purified with medium pressure chromatography with 19:1 heptane: ethyl 
acetate to afford 5.46 g of the methylene bridged dimer mixture as a yellow glassy solid. 
s 1 H nmr (CDCI 3 ) and mass spectra are consistent with the desired compound mixture; UV X max (ethyl acetate) 290; 

344 nm (e 80,900; 34,300). 

This mixture conforms to formula VI where t is 0. There are also small to trace amounts of higher "oligomers" where 
t is 1 , 2 and/or 3 seen in the spectral analyses of this mixed isomer product. 

10 Example 68 

Mixture of Benzylidene-Bis-2-(2-hydroxy-4-octyloxyphenyl)-4,6-(2,4-dimethylphenyl)-s-triazine; bridged in the 3:5 and 
5:5 positions in a 1:1 ratio 

'5 To a 250 mL round-bottomed flask equipped with a condenser, magnetic stirrer and a nitrogen atmosphere are 

charged 10.71 g (21.0 mmol) of 2-(2-hydroxy-4-octyloxyphenyl)-4,6-bis-(2,4-dimethylphenyl)-s-triazine, 2.70 g (25.4 
mmol) of benzaldehyde and 400 mg of p-toluenesulfonic acid. The mixture is stirred at 140°C for three hours, and is 
then allowed to cool to room temperature. The mixture is taken up in ethyl acetate and is washed twice with saturated 
sodium bicarbonate, once with water and then with brine. The organic layer is dried over anhydrous magnesium sulfate 

20 and filtered. The organic solvent and excess benzaldehyde are removed under reduced pressure to afford 1 0.95 g of a 
brown-red glass material. The crude product is purified with medium pressure chromatography with 1 9: 1 heptane:ethyl 
acetate to afford 5.18 g of the benzylidene bridged dimer mixture as a yellow solid. 

1 H nmr (CDCI 3 ) and mass spectra are consistent with the desired compound mixture; UV X max (ethyl acetate) 291 ; 
348 nm (e 75,800: 35,700). 

25 This mixture conforms to formula VI where t is 0 and L is benzylidene. 

Example 69 

Delamination Resistance of High Solids Thermoset Acrylic Clear Coats Containing UV Absorbers Applied over UV 
30 Transparent Base Coats 

Test panels are prepared by spray applying a 1.8-2.0 mil (0.036-0.051 mm) thick film of a commercially available 
high solids thermoset acrylic melamine clear coat, containing 2% by weight, based on the acrylic melamine resin, of a 
test UV absorber stabilizer of this invention, over a commercially available UV transparent base coat, wet-on-wet. The 

35 topcoat is applied over 4" x 12" (10.16cmx30.48cm) UNI PRIME® panels obtained from Advance Coatings Technology, 
Inc. The coated panels are then baked at 250°F (121 °C) for 30 minutes. After storage for one week in an air-conditioned 
room, the panels are exposed in Florida at 5° South, black box according to SAE J-1976. The panels are exposed for 
one year. After one year, a humidity test is conducted consisting of exposing the panels to 100°F (38°C) and 100% 
humidity for four days. After four days, a tape adhesion test is performed. 

40 The instant compounds are effective in improving adhesion of the clear coat to the base coat during weathering. 

Example 70 

Delamination Resistance of Acrylic Urethane Clear Coats Containing UV Absorbers Applied Directly over Electrocoat 
45 Primer 

Test panels are prepared by spray applying a 1 .8-2.0 mil (0.036-0.051 mm) thick film o1 a commercially available 
acrylic urethane clear coat, containing 2% by weight, based on the acrylic urethane resin, of a test UV absorber stabilizer 
of this invention, directly over 4" x 12" (10.16 cm x 30.48 cm) UNIPRIME® panels obtained from Advance Coatings 
50 Technology, Inc. The coated panels are then baked at 250° F (121 °C) for 30 minutes. After storage for one week in an 
air-conditioned room, the panels are exposed in Florida at 5° South, black box according to SAE J-1976. The panels 
are evaluated every day for delamination and are retired from the test when delamination is evident over 10% of the 
panel area. The instant compounds are effective in delaying delamination of the clear coat from the electrocoat primer. 

55 Example 71 

The following example demonstrates the utility of the o-hydroxyphenyl-s-triazines of the instant invention in a lam- 
inated polycarbonate plaque wherein the UV absorber is incorporated only into the thin surface protecting layer such 
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as prepared in a coextruded article. 

Laminated plaques are prepared by bonding a 1 mil (0.0254 mm) polycarbonate film (LEXAN® 141 -11 "IN), General 
Electric Co.) containing 5% by weight of an UV absorber to a non-UV stabilized 125 mil (3. 18 mm) polycarbonate plaque 
(LEXAN® 141-111N) via compression molding in a Wabash Compression molder at 350°F (177°C) for three minutes 

5 at 1000 psi (70 Kg/cm 2 ), three minutes at 3000 psi (210 Kg/cm 2 ), and then three minutes at 3000 psi (210 Kg/cm 2 ) while 
cooling. The plaques are then exposed in an Atlas CI-65 Xenon Arc Weatherometer, using the ASTM designation G26-88 
Test Method C with the protective layer facing the incident light. Polymer degradation is determined by measuring yel- 
lowness index (Yl) on an ACS spectrophotometer. 

The o-hydroxyphenyl-s-triazines of the instant invention are very effective in protecting the polycarbonate sheet 

io from degradation and discoloration. 

Example 72 

Polypropylene fiber samples are prepared by extruding fiber grade polypropylene containing a pigment, a phosphite, 
is a phenolic antioxidant or hydroxylamine, a metal stearate, a UV absorber or hindered amine light stabilizer or a combi- 
nation of a UV absorber and hindered amine light stabilizer. 

The pigment is added as a pigment concentrate which is prepared from pure pigment and polypropylene resin 
(PROFAX® 6301 , Himont) by mixing the two components in a high shear mixer in a ratio of 25% pigment and 75% resin, 
pressing the resulting resin/pigment mixture on a Wabash Compression Molder (Model* 30-1 51 5-4T3) into a thin sheet 
20 and then dividing the sheet into fine chips for dispersion in fresh polypropylene resin at reduced concentrations. 

All additive and pigment concentrations in the final formulations are expressed as weight percent based on the resin. 

The formulations contain 0.05-0.1% phosphite, 0-1.25% phenolic antioxidant, 0-0.1% hydroxylamine, 0.05-0.1% 
calcium stearate, 0-1.25% UV absorber of this invention and/or 0-1.25% hindered amine stabilizer. The materials are 
dry-blended in a tumble dryer, extruded on a Superior/MPM 1 "(2.54 cm) single screw extruder with a general all-purpose 
25 screw (24:1 L/D) at 475°F (246°C), cooled in a water bath and pelletized. The resulting pellets are spun into fiber at 
about 525°F (274°C) on a HILLS Research Fiber Extruder (Model # REM-3P-24) fitted with a 41 hole, delta configuration 
spinnerette. The spun tow is stretched at a draw ratio of 3.2:1 producing a final denier of 615/41. 

The fiber samples are knitted into socks on a Lawson-Hemphill Fiber Analysis Knitter, cut into appropriate lengths 
and exposed in an Atlas Ci65 Xenon Arc Weather-Ometer at 89°C black panel temperature, 0.55 W/m 2 at 340 nanom- 
30 eters and 50% relative humidity (Society of Automotive Engineers SAE J 1885 Test Procedure). 

Fiber samples are tested by performing color measurements on an Applied Color Systems spectrophotometer by 
reflectance mode according to ASTM D 2244-79 at regular intervals. Identical, but separate, samples are examined for 
catastrophic failure. 

The combination of a UV absorber of this invention with a hindered amine provides far superior protection to the 
35 pigmented polypropylene fiber, indeed synergistic stabilization protection over the level of protection provided by the 
hindered amine alone when used at the same total concentration. 

The same superior stabilization is seen when the pigmented polypropylene fiber is replaced with pigmented nylon 
or polyester fiber. 

40 

Claims 

1. A compound of formula A or B 

45 



50 



55 
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O 



z 




N 



OH 




OR 2 



OR 2 



OR 2 ' 



OH 




t 



k 



A 



B 



where in the compounds of formula A: 

A and A" are the same or different and are phenyl or a group of the formula 




OR 2 



R 



OH 



or phenyl substituted with one to three lower alkyl, halogen, hydroxy or alkoxy; 

R, is straight or branched chain alkyl of 1 to 24 carbon atoms, straight or branched chain alkenyl of 2 to 24 
carbon atoms, cycloalkyl of 5 to 12 carbon atoms, halogen, -SR 3 , -SOR 3 , or -SO £ R 3 ; or said alkyl or cycloalkyl 
substituted by one to eight halogen, -R 4 , -OR 5 , -N(R 5 ) 2 , =NR 5 =0, -CON(R 5 ) 2 , -COR 5 , -COOR 5 , -OCOR 5 , -CN, 
-N0 2 , -SR 5 , -SOR 5 , -S0 2 R s , -P(0)(OR 5 ) 2 , morpholinyl, piperidinyl, 2,2,6,6-tetramethylpiperidinyl, piperazinyl or 
N-methylpiperazinyl groups or combinations thereof; or said alkyl or cycloalkyl interrupted by one to six phenylene, 
-O-, -NR 6 -, -CONR 5 -, -COO-, -OCO-, -C(R 5 )=C(R 5 )- or -CO- groups or combinations thereof; or said alkyl or 
cycloalkyl both substituted and interrupted by combinations of the groups mentioned above; 

R 3 is alkyl of 1 to 20 carbon atoms, alkenyl of 3 to 18 carbon atoms, cycloalkyl of 5 to 12 carbon atoms, 
phenylalkyl of 7 to 15 carbon atoms, aryl of 6 to 1 0 carbon atoms or said aryl substituted by one or two alkyl of 1 to 
4 carbon atoms; 

R 4 is aryl of 6 to 10 carbon atoms, or said aryl substituted by one to three halogen, alkyl of 1 to 8 carbon 
atoms, alkoxy of 1 to 8 carbon atoms or combinations thereof; cycloalkyl of 5 to 1 2 carbon atoms; or phenylalkyl of 
7 to 15 carbon atoms, or said phenylalkyl substituted on the phenyl ring by one to three halogen, alkyl of 1 to 8 
carbon atoms, alkoxy of 1 to 8 carbon atoms or combinations thereof; or straight or branched chain alkenyl of 2 to 
1 8 carbon atoms; 

R 5 is defined as R 4 , or R 5 is also hydrogen or straight or branched chain alkyl of 1 to 24 carbon atoms; or R 5 
is a group of the formula 



where T is hydrogen, oxyl, hydroxyl, alkyl of 1 to 12 carbon atoms, said alkyl substituted by at least one hydroxyl 




CH 3 



CH 3 
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w 



15 



20 



25 



30 



35 



40 



45 



SO 



55 



or lower alkoxy, benzyl or alkanoyl of 2 to 18 carbon atoms; 

R 2 is hydrogen, straight or branched chain alky I of 1 to 24 carbon atoms or cycloalkyl of 5 to 1 2 carbon atoms; 
or said alkyl or cycloalkyl substituted by one to eight halogen, epoxy, glycidyloxy, f uryloxy, -R 4 , -OR 5 , -N(R 5 ) 2 , -CON 
(R 5 ) 2 , -COR 5 , -COOR 5 , -OCOR 5 , -OCOC(R 5 )=C(R 5 ) 2 , -C(R 6 )=C(R s )-COOR 5 , -CN, -NCO, or 



-OCH(CH 2 OCH 2 



j i 



CH 2 ) 2 



or combinations thereof; or said alkyl or cycloalkyl interrupted by one to six epoxy, -O-, -NR 5 - -CONR s -, -COO-, 
-OCO-, -CO-, -C(R 5 )=C(R 5 )COO-, -OCOC(R 5 )=C(R 5 )-, -(R 5 )C=C(R 5 )-, phenylene, or -phenylene-G-phenylene in 
which G is -O-, -S-, -S0 2 -, -CH 2 -, or -C(CH 3 ) 2 -, or combinations thereof; or said alkyl or cycloalkyl both substituted 
and interrupted by combinations of the groups mentioned above; or R 2 is -S0 2 R 3 , or -COR 6 ; 

R 6 is straight or branched chain alkyl of 1 to 18 carbon atoms, straight or branched chain alkenyl of 2 to 18 
carbon atoms, phenyl, alkoxy of 1 to 12 carbon atoms, phenoxy, alkylamino of 1 to 12 carbon atoms, arylamino of 
6 to 12 carbon atoms or a group -R 7 COOH or -NH-R 8 -NCO; 

R 7 is alkylene of 2 to 14 carbon atoms or o-phenylene; 

R 8 is alkylene of 2 to 10 carbon atoms, phenylene, tolylene, diphenylenemethane or a group 



CH< 



V 

H 3 C CH 3 



k = 1 to 4; 

when k is 1 , Z is defined as R 2 above; 

when k = 2, Z is straight or branched chain alkylene of 2 to 16 carbon atoms; or said alkylene substituted by 
one to eight -OH; or said alkylene interrupted by one to eight -CH=CH- or -O-; or said alkylene both substituted and 
interrupted by combinations of the groups mentioned above; or Z is xylylene or a group -CONH-R 8 -NHCO-, -CH 2 CH 
(OH)CH 2 0-R 9 -OCH 2 CH(OH)CH 2 -, -CO-R 10 -CO-, or -(CH 2 )m-COO-R 11 -OOC-(CH 2 )m-, 
where m = 1 to 3; or Z is 



COOCH 





R 8 is defined as above; 

R 9 is alkylene of 2 to 50 carbon atoms; or said alkylene interrupted by 1 to 10 -O-, phenylene, or a group 
-phenylene-G-phenylene- in which G is -O-, -S-, -S0 2 -, -CH 2 -, or -C(CH 2 ) 2 -; 

R 10 is alkylene of 2 to 10 carbon atoms, or said alkylene interrupted by 1 to 4 -O-, -S-, or -CH=CH-; or R 10 is 
arylene of 6 to 12 carbon atoms; 

R-ii is alkylene of 4 to 20 carbon atoms, or said alkylene interrupted by 1 to 8 -O-; 

when k = 3, Z is a group -[(CH^mCOOfo-R, 2 where m = 1 to 3 and R 1 2 is an alkanetriyl of 3 to 1 2 carbon atoms; 

when k - 4, Z is a group -[(CH^COOk-R, 3 where m = 1 to 3 and R, 3 is an alkanetetryl of 4 to 1 2 carbon atoms; 
with the proviso that when Z is hydrogen and R, is n-hexyl, Xand Y are not each 5-n-hexyl-2,4-dihydroxyphenyl; and 
for the compounds of formula B: 

t is 0 to 9; 

X, X', Y and Y' are the same or different and are phenyl or phenyl substituted by one to three lower alkyl, 
halogen, hydroxy or alkoxy; 

L is straight or branched chain alkylene of 1 to 12 carbon atoms, cycloalkylene of 5 to 12 carbon atoms, 
alkylene substituted by or interrupted by cyclohexylene or phenylene; or L is benzylidene; or L is -S-, -S-S-, -S-E-S-, 
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-SO-, -S0 2 -, -SO-E-SO-, -S0 2 -E-S0 2 -, -CH 2 -NH-E-NH-CH 2 - or 

CH 3 

I " 
C 

I 

CH 3 

where E is alkylene of 2 to 12 carbon atoms, cycloalkylene of 5 to 12 carbon atoms, or alkylene interrupted or 
terminated by cyclohexylene of 8 to 12 carbon atoms; 

R 2 and R 2 ' are the same or different and are defined as R 2 is above; 
with the proviso that at least one L linkage is attached to the phenyl ring in the 5-position. 

2. A compound of formula I, II, III, IV, V or VI according to claim 1 

OR 



OH 
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VI 

where in the compounds of formula I 

X and Y are the same or different and are phenyl or phenyl substituted with one to three lower alkyl, halogen, 
hydroxy or alkoxy; 

R, is straight or branched chain alkyl of 1 to 24 carbon atoms, straight or branched chain alkenyl of 2 to 24 
carbon atoms, cycloalkyl of 5 to 12 carbon atoms, halogen, -SR 3 , -SOR 3 , or -S0 2 R 3 ; or said alkyl or cycloalkyl 
substituted by one to eight halogen, -R 4 , -OR 6 , -N(R 5 ) 2 , =NR 5 =0, -CON(R 5 ) 2 , -COR 5 , -COOR 5 , -OCOR 5 , -CN, 
-N0 2 , -SR 5 , -SOR 5 , -S0 2 R 5 , -P(0)(OR 5 ) 2 , morpholinyl, piperidinyl, 2,2,6,6-tetramethylpiperidinyl, piperazinyl or 
N-methylpiperazinyl groups or combinations thereof; or said alkyl or cycloalkyl interrupted by one to six phenylene, 
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-O-, -NR 5 -, -CONR5-, -COO-, -OCO-, -C(R 5 )=C(R 5 )- or -CO- groups or combinations thereof; or said alkyl or 
cycloalkyl both substituted and interrupted by combinations of the groups mentioned above; 

R 3 is alkyl of 1 to 20 carbon atoms, alkenyl of 3 to 18 carbon atoms, cycloalkyl of 5 to 12 carbon atoms, 
phenylalkyl of 7 to 1 5 carbon atoms, aryl of 6 to 10 carbon atoms or said aryl substituted by one or two alkyl of 1 to 
4 carbon atoms; 

R 4 is aryl of 6 to 10 carbon atoms, or said aryl substituted by one to three halogen, alkyl of 1 to 8 carbon 
atoms, alkoxy of 1 to 8 carbon atoms or combinations thereof; cycloalkyl of 5 to 12 carbon atoms; or phenylalkyl of 
7 to 15 carbon atoms, or said phenylalkyl substituted on the phenyl ring by one to three halogen, alkyl of 1 to 8 
carbon atoms, alkoxy of 1 to 8 carbon atoms or combinations thereof; or straight or branched chain alkenyl of 2 to 
1 8 carbon atoms; 

R 5 is defined as R 4 , or R 5 is also hydrogen or straight or branched chain alkyl of 1 to 24 carbon atoms; or R 5 
is a group of the formula 



CH 3 CH 3 




where T is hydrogen, oxyl, hydroxyl, alkyl of 1 to 12 carbon atoms, said alkyl substituted by at least one hydroxyl 
or lower alkoxy, benzyl or alkanoyl of 2 to 1 8 carbon atoms; 

R 2 is hydrogen, straight or branched chain alkyl of 1 to 24 carbon atoms or cycloalkyl of 5 to 1 2 carbon atoms; 
or said alkyl or cycloalkyl substituted by one to eight halogen, epoxy, glycidy loxy, f uryloxy, -R 4 , -OR 5 , -N(R 5 ) 2 , -CON 
(R 5 ) 2 , -COR 5 , -COOR 5 , -OCOR 5 , -OCOC(R 5 )=C(R 6 ) 2 , -C(R 5 )=C(R 5 )-COOR 5 , -CN, -NCO, or 

H,C CH, 



A, 



-OCH(CH 2 OCH 2 



- CH 2 ) 2 
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or combinations thereof; or said alkyl or cycloalkyl interrupted by one to six epoxy, -O-, -NR 5 -, -CONR5-, -COO-, 
-OCO-, -CO-, -C(R 5 )=C(R 5 )COO-, -OCOC(R 5 )-C(R s )-, -(R 5 )C-C(R 5 )-, phenylene, or -phenylene-G-phenylene in 
which G is -O-, -S-, -S0 2 -, -CH 2 -, or -C(CH 3 ) 2 -, or combinations thereof; or said alkyl or cycloalkyl both substituted 
and interrupted by combinations of the groups mentioned above; or R 2 is -S0 2 R 3 , or -COR 6 ; 

R 6 is straight or branched chain alkyl of 1 to 18 carbon atoms, straight or branched chain alkenyl of 2 to 18 
carbon atoms, phenyl, alkoxy of 1 to 12 carbon atoms, phenoxy, alkylamino of 1 to 12 carbon atoms, arylamino of 
6 to 12 carbon atoms or a group -R 7 COOH or -NH-R e -NCO; 

R 7 is alkylene of 2 to 1 4 carbon atoms or o-phenylene; 

R 8 is alkylene of 2 to 10 carbon atoms, phenylene, tolylene, diphenylenemethane or a group 




with the proviso that when R 2 is hydrogen and R, is n-hexyl, X and Y are not each 5-n-hexyl-2,4-dihydroxyphenyl; 
for the compounds of formula II: 

X is phenyl or phenyl substituted with one to three lower alkyl, halogen, hydroxy or alkoxy; 

R 1 and R, ' are the same or different and are defined as R., above; 

R 2 and R 2 ' are the same or different and are defined as R 2 above; and 

with the proviso that when R-, and R,' are each n-hexyl and R 2 and R 2 ' are each hydrogen, X is not 
5-n-hexyl-2,4-dihydroxyphenyl; 
for the compounds of formula III: 
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R 1 , ' and " are the same or different and are as defined for R-, above; 

R 2 , R2' and R 2 " are the same or different and are as defined for R 2 above; and 

with the proviso that when R 2 , R 2 ' and R 2 " are each hydrogen, R v R,' and R-," are not each n-hexyl; 
for the compound of formula IV: 

X, X', Y and Y' are the same or different and are phenyl, phenyl substituted by one to three lower alkyl, halogen, 
hydroxy or alkoxy; 

L is straight or branched chain alkylene of 1 to 12 carbon atoms, cycloalkylene of 5 to 12 carbon atoms, 
alkylene substituted by or interrupted by cyclohexylene or phenylene; or L is benzylidene; or L is -S-, -S-S-, -S-E-S-, 
-SO-, -S0 2 -, -SO-E-SO-, -S0 2 -E-S0 2 -, -CH 2 -NH-E-NH-CH 2 - or 




where E is alkylene of 2 to 12 carbon atoms, cycloalkylene of 5 to 12 carbon atoms, or alkylene interrupted or 
terminated by cyclohexylene of 8 to 12 carbon atoms; 

R 2 and R 2 ' are the same or different and are defined as R 2 is above; 
for the compounds of formula V: 

X, Y, and are defined as above; 

n = 2 to 4; 

when n = 2, Q is straight or branched chain alkylene of 2 to 16 carbon atoms; or said alkylene substituted by 
one to eight -OH; or said alkylene interrupted by one to eight -CH=CH- or -O-; or said alkylene both substituted and 
interrupted by combinations of the groups mentioned above; or Q is xyiylene or a group -CONH-R 8 -NHCO-, -CH 2 CH 
(OH)CH 2 0-R g -OCH 2 CH(OH)CH 2 -, -CO-R 10 -CO-, or -(CH 2 )m-COO-R 11 -OOC-(CH 2 ) m -, 
where m = 1 to 3; or Q is 




HO OH 



R 8 is defined as above; 

R 9 is alkylene of 2 to 50 carbon atoms; or said alkylene interrupted by 1 to 10 -O-, phenylene, or a group 
-phenylene-G-phenylene- in which G is -O-, -S-, -S0 2 -, -CH 2 -, or -C(CH 2 ) 2 -; 

R 10 is alkylene of 2 to 10 carbon atoms, or said alkylene interrupted by 1 to 4 -O-, -S-, or -CH=CH-; or R 10 is 
arylene of 6 to 1 2 carbon atoms; 

R n is alkylene of 4 to 20 carbon atoms, or said alkylene interrupted by 1 to 8 -O-; 

when n = 3, Q is a group -[(CH 2 ) m COO] 3 -R 1 2 where m = 1 to 3 and R, 2 is an alkanetriyl of 3 to 1 2 carbon atoms; 
when n = 4, Q is a group -[(CH 2 ) m COO]4-R 13 where m = 1 to 3 and R 13 is an alkanetetryl of 4 to 12 carbon 
atoms; and 

for the compounds of formula VI: 
X and Y are as defined above; 
t is 0 to 9; 

L is as defined above, with the proviso that at least one L linkage is attached tothe phenyl ring in the 5-position; 

and 

R 2 is as defined above. 

A compound according to claim 1 where X, Y, X' and Y 1 are phenyl or phenyl substituted with one to three lower 
alkyl or halogen; 

R 1 is straight or branched chain alkyl of 1 to 24 carbon atoms, alkenyl of 3 to 12 carbon atoms, -CI, -SR 3 , 
-SOR 3 , or -S0 2 R 3 ; said alkyl substituted by phenyl, -OR 5 , -N(R 5 ) 2 , =NR 5 , =0 and/or interrupted by -O-, -NR 5 -, -CO- 
or combinations thereof; cycloalkyl of 5 to 12 carbon atoms; or phenylalkyl of 7 to 15 carbon atoms; 

R 2 and R 2 ' are hydrogen, alkyl of 1 to 24 carbon atoms, or alkyl of 2 to 24 carbon atoms substituted by one 
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or two -OR 5 ; 

R 5 is H, alkyl of 1 to 24 carbon atoms, or phenyl, 

and 

and L is methylene; benzylidene; 



or 




A compound according to claim 3 where A and A' are phenyl, a group of formula 




or phenyl substituted with one or two lower alkyl; 

R 1 is straight or branched chain alkyl of 1 to 1 8 carbon atoms, propenyl, -CI, alkylaminoalkyl of 4 to 1 2 carbon 
atoms, alkyliminoalkylof 4 to 12 carbon atoms, alkanoyl of 2 to 18 carbon atoms, benzoyl, -SR 3 , -SOR 3 , or-S0 2 R 3 ; 
or -C 7 alkyl substituted by phenyl and/or -OH; 

R 2 and R 2 ' are hydrogen, alkyl of 1 to 24 carbon atoms, or alkyl of 2 to 12 carbon atoms substituted by one 
or two -OR 5 ; 

R 3 is phenyl; 

R 5 is H, alkyl of 1 to 12 carbon atoms, or phenyl. 

A compound according to claim 2 where X, Y, X' and Y' are phenyl or phenyl substituted with one to three lower 
alkyl or halogen; 

R t , Ri' and R^' are straight or branched chain alkyl of 1 to 24 carbon atoms, cycloalkyl of 5 to 12 carbon 
atoms, or phenylalkyl of 7 to 1 5 carbon atoms; 

R 2 and R 2 ' are straight or branched chain alkyl of 2 to 24 carbon atoms, or said alkyl substituted by one or 
two -OR 5 , where R 5 is hydrogen, straight or branched chain alkyl of 1 to 24 carbon atoms, or phenyl; and 

and L is methylene; benzylidene; 
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The compound according to claim 1 which is 

a. 2-(2,4-dihydroxy-5-hexylphenyl)-4,6-bis-(2,4-dimethylphenyl)-s-triazine; 

b. 4,6-bis-(2,4-dimethylphenyl)-2-[5-hexyl-2-hydroxy-4-(2-hydroxy-3-phenoxypropoxy)phenyl]-s-triazine; 

c. 4,6-bis-(2,4-dimethylphenyl)-2-[4-(3-dodecyloxy-2-hydroxypropoxy)-5-hGxyl-2-hydroxyphenyl]-s-triazine, 

d. 2-(2,4-dihydroxy-5-ethylphenyl)-4,6-bis-(2,4-dimethylphenyl)-s-triazine; 

e. 2-[2,4-dihydroxy-5-(1 , 1 -dimethylethyl)phenyl]-4,6-bis-(2,4-dimethylphenyl)-s-triazine; 

f. 2-[2,4-dihydroxy-5-(1-methyl-l -phenylethyl)phenyl]-4,6-bis-(2,4-dimethylphenyl)-s-triazine; 

g. 4,6-bis-(2,4-dimethylphenyl)-2-[2-hydroxy-4-(2-hydroxy-3-nonyloxypropoxy)-5-(1-methyl-1-phenylethyl) 
phenyl]-s-triazine; 

h. 4,6-bis-(2,4-dimethylphenyl)-2-[4-hexyloxy-2-hydroxy-5-(1-methyl-1-phenylethyl)phenyl]-s-triazine; 

i. [2,4-dihydroxy-5-(1 -methyl-1 -phenylethyl)phenyl]-4,6-bis-phenyl-s-triazine; 

j. 2-[2-hydroxy-5-(1 -methyl-1 -phenylethyl)-4-octyloxyphenyl]-4,6-bis-phenyl-s-triazine; 

k. 2-(5-chloro-2,4-dihydroxyphenyl)-4,6-bis-(2,4-dimethylphenyl)-s-triazine; 

I. 2-(2,4-dihydroxy-5-propionylphenyl)-4,6-bis-(2,4-dimethylphenyl)-s-triazine; 

m. 2-[2,4-dihydroxy-5-(1-isobutylimino)propylphenyl]-4,6-bis-(2,4-dimethylphenyl)-s-triazine; 

n. 2-[2,4-dihydroxy-5-(1-isobutylamino)propylphenyl]-4,6-bis-(2,4-dimethylphenyl)-s-triazine; 

o. 4,6-bis-(2,4-dimethylphenyl)-2-[2,4-dihydroxy-5-(1-hydroxypropyl)phenyl]-s-triazine; 

p. 2-(5-benzoyl-2,4-dihydroxyphenyl)-4,6-bis-(2,4-dimethylphenyl)-s-triazine; 

q. 4,6-bis-(2,4-dimethylphenyl)-2-[2,4-dihydroxy-5-(a-hydroxybenzyl)phenyl]-s-triazine; 

r. 2-(2,4-dihydroxy-5-phenylthiophenyl)-4,6-bis-(2,4-dimethylphenyl)-s-triazine; 

s. 2-(2,4-dihydroxy-5-phenylsulfinylphenyl)-4,6-bis-(2,4-dimethylphenyl)-s-triazine; 

t. 2-(2,4-dihydroxy-5-phenylsulfonylphenyl)- 4,6-bis-(2,4-dimethylphenyl)-s-triazine; 

u. 2-(5-chloro-2,4-dihydroxyphenyl)-4,6-diphenyl-s-triazine; 

v. 4,6-diphenyl-2-(5-chloro-4-hexyloxy-2-hydroxyphenyl)-s-triazine; 

w. 4,6-diphenyl-2-(5-hexyl-4-methoxy-2-hydroxyphenyl)-s-triazine; 

x. 2-[4-(3-butyloxy-2-hydroxypropoxy)-5-hexyl-2-hydroxyphenyl]-4,6-diphenyl-s-triazine; 
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y. 2-(2,4-dihydroxy-5-hexylphenyl)-4,6-bis(4-methylphenyl)-s-triazine; 

z. 4,6-bis(4-methylphenyl)-2-(5-hexyl-4-hexyloxy-2-hydroxyphenyl)-s-triazine; 

aa. 2-[4-(3-butyloxy-2-hydroxypropoxy)-5-hexyl-2-hydroxyphenyl]-4,6-bis(4-methylphenyl)-s-triazine; 

bb. 2-[4-(3-butyloxy-2-hydroxypropoxy)-5-hexyl-2-hydroxyphenyl]-4,6-bis(2,4-dimethylphenyl)-s-triazine; 

cc. 2,4-bis(2,4-dihydroxy-5-hexylphenyl)-6-phenyl-s-triazine; 

dd. 2,4-bis[4-(3-butyloxy-2-hydroxypropoxy)-5-hexyl-2-hydroxyphenyl]-6-phenyl-s-triazine; 

ee. 2,4-bis(5-hexyl-4-hexyloxy-2-hydroxyphenyl)-6-phenyl-s-triazine; 

ff. 2-[2,4-dihydroxy-5-(1-propenyl)phenyl]-4,6-bis-(2,4-dimethylphenyl)-s-triazine; 

gg. 2-(2,4-dihydroxy-5-hexylphenyl)-4,6-diphenyl-s-triazine; 

hh. 4,6-diphenyl-2-(5-hexyl-4-hexyloxy-2-hydroxyphenyl)-s-triazine; 

ii. 4,6-bis(2,4-dimethylphenyl)-2-(5-hexyl-4-hexyloxy-2-hydroxyphenyl)-s-triazine; 

jj. 2-[5-hexyl-2-hydroxy-4-(2-hydroxy-3-nonyloxypropoxy)phenyl]-4,6-bis-phenyl-s-triazine; 

kk. 4,6-bis-(2,4-dimethylphenyl)-2-[2-hydroxy-4-hexyloxy-5-(1-methyl-1-phenylethyl)phenyl]-s-triazine; 

II. 1,3-bis{1-[2,4<Jihydroxy-5-(3,5-bis(2,4<iimethylphenyl-s-triazinyl))phenyl]-1-methylethyl}bGnzene; 

mm. mixture of mGthylene-bis-2-(2-hydroxy-4-octyloxyphenyl)-4,6-(2,4-dimGthylphenyl)-s-triazine; bridged in 
the 3:5, 5:5 and 3:3 positions in a 5:4:1 ratio; or 

nn. mixture of benzylidene-bis-2-(2-hydroxy-4-octyloxyphenyl)-4,6-(2,4-dimethylphenyl)-s-triazine; bridged in 
the 3:5 and 5:5 positions in a 1 :1 ratio. 

A process for the preparation of a compound of formula I 




I 



where 

Rt is straight or branched chain alkyl of 4 to 24 carbon atoms, cycloalkyl of 5 to 1 2 carbon atoms or phenylalkyl 
of 8 to 15 carbon atoms, 
R 2 is hydrogen, and 

X and Y are the same or different and are phenyl or phenyl substituted by 1 to 3 lower alkyl or by 1 to 3 chloro 
groups, which comprises 

reacting a compound of formula A 
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where R 2 , X and Y are as defined above, with a two to ten excess equivalent amount of an alkene of 4 to 24 carbon 
atoms, a cycloalkene of 5 to 12 carbon atoms or an phenylalkene of 8 to 15 carbon atoms, compared to the amount 
of the compound of formula A neat in the presence of a catalytic amount of a Friedel-Crafts alkylation catalyst at a 
temperature of 110°C to 250°C. 

8. A process according to claim 7 wherein the catalyst is aluminum chloride, p-toluenesulfonic acid, msthanesulfonic 
acid, diisobutylaluminum hydride or aluminum isopropoxide. 

9. A process according to claim 8 wherein the catalyst is aluminum isopropoxide. 

10. A composition stabilized against the deleterious effects of actinic radiation which comprises 

(a) an organic material subject to degradation when exposed to actinic radiation, and 

(b) an effective stabilizing amount of a compound of formula A or B according to claim 1 . 

11. A composition according to claim 10 wherein the organic material of component (a) is a polymer. 

12. A composition according to claim 10 containing the stabilizer of component (b) in an amount of 0.01 to 20% by 
weight of the composition. 

13. A composition according to claim 10 wherein the polymer is a high solids thermoset acrylic/rnelamine resin or an 
acrylic urethane resin. 

14. A composition according to claim 10 where the composition is a polymer film composition which comprises 

(a) an electro coat primer in adhesion to a metal substrate, 

(b) a base or color coat that is in adhesion to the electro coat and which comprises a film-forming binder and 
an organic pigment or an inorganic pigment or mixtures thereof, 

(c) a clear coat that is in adhesion to the base coat and which comprises a film-forming binder, and 

(d) an effective stabilizing amount, of at least one tris-aryl-s-triazine UV absorber contained in either the base 
coat or the clear coat or both base coat and clear coat. 

15. A composition according to claim 14 wherein component (d) is between 1 and 20% by weight of the film-forming 
binder. 

16. A composition according to claim 14 wherein component (d) is incorporated into the base coat. 

17. A composition according to claim 14 which additionally contains an effective stabilizing amount of at least one 
2-hydroxyphenyl-2H-benzotriazole; another tris-aryl-s-triazine; or hindered amine light stabilizer or mixtures thereof. 

18. A composition according to claim 14 wherein the film-forming binder is a high solids thermoset acrylic/rnelamine 
resin or an acrylic urethane resin. 

19. Use of a compound of formula A or B according to claim 1 as stabiliser for protecting an organic polymer against 
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degradation caused by light, oxygen and/or heat. 

A method of protecting an organic polymer against degradation caused by light, oxygen and/or heat, which com- 
prises incorporating in said materials at least one compound of formula A or B according to claim 1 . 

The method of claim 20, wherein the organic polymer is a binder for a surface-coating composition. 
w 
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